
The Journal 

of 

Thoracic Surgery 

Official Organ 

The American Association for Thoracic Surgery 


Editor 

EVARTS A. GRAHAM 
St. liOuls 

Associate Editors 

BRIAN BBABES THOMAS H. BURBORD 

Washington, D. C. St. Louis 


ADV 180 IXY Editorial Board 


Alfred Blalock, Baltimore 
Edward D. CiruRCiiiLL. Boston 
Leo Eloesser, San Francisco 
Cameron Haight, Ann Arbor 

Richard H 


Stuart W. Harrington, Rochester, Minn 
Rodert M Jakes, Toronto 
Herdert C. Maier, New York 
Rudolph Matas, New Orleans 
Meade. Grand Rapids 


Advisort Editorial Board Representing the Society or Thoracic Surgeons op 
Great Britain Ar-p Ireland 

H Morpiston Davies, Ruthin, North Wales R C. Brocic, London 

C. Price Thomas, London 


VOIiTJME 31 

JANUARY—JUNE, 1956 


ST. LOUIS 

THE C. V. MOSBY COMPANY 



VOLUME -31 
Copyright, © 1936, by 
THE C. Y. MOSBY COMPAXY 

(All rights reserved) 


Printed in the 
United States of America 



The Journal of 
Thoracic Surgery 

VoL. 31 .Taxuahv, J95C No. 1 

Original Communications 


L0W13K ESOPJIAGKATj WKB 
1\1alti:r I'l Buodkn', 3M.D.,* and J. Ernkst Eeuionico, Jr., M.D.*® 

(by invitation) 

Svracu.se, N. Y. 

I N THE pnst wlion a pationt iircsentcd Iiiniscif fo tlie pli.vsician, liis chief com¬ 
plaint hoiug difficulty in swallowing, diagnostic toclmiciues were primarily 
focH.sed on connrming or ruling out the presence of carcinoma, impacted foreign 
hody, diverticula, stricture or cardiospasm, etc. Pailnrc to demonstrate pathology 
of tile pharyn.N, esojiliagus, or stomach, left tlio con.scientions phj'sician with the 
logical assumption that the eomiilaints of the jiatient were on a functional rather 
than organic basis. 

In 19S3, Ingelfingcr and Kramer' puhlislicd an article in which they dis¬ 
cussed G patients cacli of wliom was suffering from dysphagia. Endoscopic 
examinations of titese patients were negative hut tliesc authors described roent¬ 
genologic observations wliich they referred to as a “contractile esophageal ring.” 
The same .vear Schatzki and Gary- reported similar x-iay findings on 5 of their 
patients and interpreted them with the term “Jowei' esophageal ring." The true 
nature of the lesion was at first not clear to the.se men. But their original work, 
their subsequent investigation, and our own experience lead us to believe that 
many of these patients who have had categorical diagnoses of “functional dys¬ 
phagia” have, in fact, cases of an organic narrowing of the lower esophageal 
lumen. This so-called “ring” or “web” is responsible for the symptoms of the 
patient and these same -symptoms disappear onee the condition is corrected by 
surgery. 

CLINICAL ITCTUKE 

The type and degree of dy.sphagia conform to and arc consistent with the 
nature of the lesion. The onset may or may not be acute. It is apparently 
determ ined by the relative obstructive potential of the food ingested. For 
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2.—Case 1. Thick barium swallow, first admission. Reveals web, but not dia^nosecl a 
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example, an abrupt ehaiige in eating habits from the ingestion of soft food to 
the ingestion of heavy solids or a poorly masticated bolus may readily produce 
an acute obstructive episode. Conversely, if the eating habits of the same 
individual remain unclinnged, the onset of dysphagia most likely will be 
insidious. In either event, once dj-.sj)hagin has become established, the course 
is likelj’ to be protracted, of an episodal nature, and may finally become in¬ 
capacitating. 

During the carlj' stages, dysphagia in our cases seemed to have been re¬ 
lated to the obstructive potential of the bolus swallowed. Jlcat and bread 
were most likely to produce symptoms. Obstruction was associated with low 
■substernal discomfort and a sen.sation of something being stuck in the lower 
chest. Drinking water would often alleviate symptoms. Dor years l)y care¬ 
ful mastication and scrupulously restricting tlie diet, severe symptoms were 
curbed. However, in our cases, dyspliagia finally hecaine so severe that intake 
iiad consisted essentially of a liquid diet for tlie .voar prior to surgery. Neither 



Fig:. 3.—Ca'^e 1 . Tliick barium. Second admission sK months Inter. Web not diagnosed but 
operation adrised for obstructing lesion. 

patient had experienced vomiting, nausea, or hearthuin. Both had traveled 
from one physician to another .seeking relief. Tliej' were subjected to repeated 
endoscopic examinations and barium swallows, but such efforts failed to 
establish <a diagnosis. Consequently, the impressive histories and negative 
findings had led to the frequently mistaken diagnosis of neurosis. 

ROENTGEN FINDINGS 

Figs. 1 and 2 are x-ray pictures showing a barium swallow in the first 
patient (H. T.) who was expevieneing severe dysphagia at the time. It was 
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reported as witliin normal limits by the coiisciisiis of oliscrvers, although one 
man felt sure it represented a sti-ictnre. Fig. 3 is a repeat x-ray pliotograph 
of the same jiatient a few months later. A definite weblike structure was 
demonstrated 5 cm. above the diaphragm and pro.vimal to the esophagogastric 
junction. Of significance is the fact that the web was not demonstrable until 
the esophagus above and below it was distended with thick barium. This 
technique allowed the lumen of the esophagus above and below to exceed the 
diameter of the Inmcn of the web. 



Fig. G.—Case 2. Spot film of Meb 


Fig. 4 shows an x-ray of a barium swallow in Case 2. Again the original 
interpretation was that there was no esophageal pathology. Fig.s. 5 and G 
are x-rays of the e.so])hagus of the same patient two years later. The barium- 
filled esophagus demonstrate.s very clearly the weblike structure. Sehatzki 
and Gary clearly describe this lesion in the 5 cases reported in 1953 as a 
“lower esophageal ring.’’ Their report describes typical x-ray findings 
although in a subsequent report they were frank to say, “The nature of 
the abnormality and its origin are not known, hut the clinical and roentgeno¬ 
logical pictures are characteristic.” Our roentgenologic findings demonstrate 
a thin “web” in the lower esophagus, located 3 to ,5 cm. proximal to the 
esophagogastric junction. It is constant in location and is demonstrable only 



6 


THE JOURNAL. OF THORACIC SURGERY 


when the esophagus above and below is distended sufficiently to exceed the 
diameter of the web. '^^'hen the esophagus is collapsed the lesion is likely to 
be missed. 

The web is smooth, varying in thickness from 3 to 5 mm. and produces a 
constant narrowing located centrally, thus producing a “shelflike” symmetri¬ 
cal shadow^ on the roentgenograms. The lumen in one patient was 3 mm.; it 
V as 5 mm. in the othei. The esophagus above the narrowing charactertsticallj' 
is not Avidened and proximally peristalsis functions normally. 

ESOPHAGOSCOPIC FINDINGS 

Case 1 had three esophagoscopies performed elsewhere in 1953, each re¬ 
ported as normal. Preoperath^e esophagoscopy by us in 1954 Avas reported as 
essentially normal hut the operator experienced difficulty in passing the area 
interpreted as eardia. The mucosa appeared normal. 

Similarly, esophagoscopy of the second patient performed by us in 1952 
Avas recorded as being normal. The instrument AA'as passed into the stomach 
Avithout difficulty. A second esophagoscopy^ on this patient Avas not performed 
later because repeat roentgenograms AA'ei-e diagnostic of a Aveb. 

It is interesting to note that Ingelfinger and Kjamer’s experience^ as Avell 
as Sehatzki and Gary’s^ parallels ours, relattye to endoscopic failure. Three 
of Ingelfinger and Kramer’s patients AAmre esophagoscoped and no lesion 
demonstrated. Four of Sehatzki and Gary’s Avere esophagoscoped. The lesion 
Avas seen in only one instance. 

OPERATIA'E AND PATHOLOGIC FINDINGS 

At thoracotomy the lesion can easily be demonstrated by opening the 
esophagus longitudinally a feAV centimeters proximal to the contemplated site 
of obstruction and inserting a finger into the esophagus. Once the Aveb has 
been identified, it is intussuscepted upAvard by the mdex finger inserted 
through a gastrotomy incision (Fig. 8). By internal palliation and this 
maneuA’'er, the lesion can be easily demonstrated and cleaxly A'isualized; Aidth 
external esophageal palpation the lesion may not be felt. In one ease the 
defect could not be felt externally although a ringlike thickening deep in the 
Avail of the esophagus Avas palpated. 

■With a finger in the esophagus, a definite impression Avas gained that this 
Avas a Aveblike projection into the lumen. The Aveb Avas leathery in con.sistency 
and pliable. The small lumen in both cases (3 to 5 mm., respectively) could 
barely be felt Avith the finger tip. 

The mucosa aboAm and beloAV the defect felt normal. The ob.struetion Avas 
located aboAm the esophagogastric junction, there being 3 to 5 cm. of normal- 
appeai'ing esophagus seen beloAA’^ the leA'el of obstruction. In Case 2 a ringlike 
thickening AA'as present at the base of the AA'^eb in the esophageal AA'all. 

The elected operathm procedure was simple, designed primarily to pre- 
serA'e the integrity of the esophagogastric junction, to allcAuate obstruction, 
and to avoid subsequent stenosis and fibro.sis at the operatiA'e site. The 
technique employed is illustrated in Figs. 7, 8, 9, and 10. After the lesion Avas 
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Fig. 7.—Schematic Illustration of \\ch In situ with Incision's inmlo In esophagU’s nnd stomach. 



Fig. S.—Artist's conception of web being Intussusccpted up^^a^d with left index finger In 

stomach. 
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Fig-. 9.—Drawing of ^\eb and edges resected. A, Cross section of esophagus from 
above showing weblike membrane. B, Cross section of esophagus from above shoving vedge¬ 
shaped pieces removed from membrane. 



Fig. 10.—Longitudinal section of esophagus shoving sutured flaps of veblike membrane. 

Braving of repair after A\edge resection. 



IIUODEN AND DELIIONIC'O: EOWKR i:SOPHA(!EAL, WJ:b i) 

’Xposccl, three pie-sh!i))e(l ivedges o£ tlie membrane wei-e removed leaving 
intervening areas of mucosa at tlie l)asc to i)reveut .subsefiuent stricture. The 
raw areas were sutured with intcrrui)tcd silk sutures and the .stomach and 
esophagus closed. A Levine tube was then pa.sscd into the stomach and the 
chest closed. 

Liquids were started orally on the third postojicrative day and solids were 
given before the seventh postoperative day. To date, the patients are totally 
relieved of dysphagia, being completely asymptomatic at the seventh and 
eighth i)ostopei'ative months, restieclivelj'. 

l‘ATUOU>OV 

At surgery the lesion in each case j)rcscnted a definite membranons appear¬ 
ance. The esophageal lumina were small, measuring 3 to 5 jnm., and were 
centrally located. The surfaces were smooth having the appearanec of normal 
esophageal mucosa. In each, the web was pliable and felt not unlike the leathery 
type of a stenosed mitral val\-o. 



Fig". 11.—Photomicrograph of section of piece of web re'iectecl. 


Microscopically, the histologic features seen in the wedgelike resected seg¬ 
ment were most informative (Pigs. 11 and 12). One figure gave a fair indica¬ 
tion of the radius of the web although it had decreased in size from fixation. 
It measured 10 mm. in the fixed state. Sqnamous-ccll epithelium could he seen 
covering the upper and lower surfaces of the wch. There was eonsiderahle 
squamous-cell hyperplasia with folding and piling up of surface epithelium. In 
many areas associated parakeratosis eonid be seen. Tlie section clearly demon¬ 
strated that mucosa covers the entire surface of the web, although, in one area 
of tills section, a denuded area was seen. The subraucosa siiowed eonsiderahle 
chronic inflammatory cellular infiltration most prominent at the luminal surface 
where one would expect the most tramna. The outer layer consisted of smooth 
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muscle. At the junction of the web and esophageal wall, smooth muscle could 
be seen. This abrupt cessation of the mucosa corre.sponded to the apex of the 
edge located in the muscular wall of the esophagus. 

The one ease reported by Sehatzki in which operation was performed re¬ 
vealed similar marked hyperkeratosis and no evidence of ulcer scai- or inflamma¬ 
tion, Ingelfinger and Kf-amer’s case that was operated upon revealed onlv 
thickened muscular wall. 



Fig^. 12,—Photomicrograph of web biopsy showing hyperkeratosis, inflammation, and circular 

muscle. 

DIPFEREXTIAL DIAGNOSIS 

The roentgenologic diagnosis of this lesion should not be difficult. It may 
be deceiidng but if the proper diagnostic maneuvers are made, it is less so. The 
incidence of diagnosis is probably directly proportional to the observer’s inde.x 
of suspicion. With a thin barium sAvallow, a web may be easilj^ missed. Even 
when a liigh degree of obstruction is present, there is very little hesitation of 
thin barium in passing through the esophagus. A satisfactory examination re¬ 
quires the ingestion of thick barium, in an amount sufficient to fill and thus 
dilate the esophagus proximal and distal to the iveb. 

The lesion most likely to be confirsed with a lower esophageal web is an 
esophageal stricture. Both lesions do not dilate beyond a certain diameter 
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aiid botli Bwy be located in the same area of the esophagus. There are several 
differential points. A web is symmctrieal both circunifeientially and longi¬ 
tudinally; the converse is likely to be the case witli sfiietnre. The narrowed 
area relative to a web is likely to be short and thin -whereas a strictured area 
nsnally is longer and thicker. Further differential points are the lack of 
delayed emptjdng and negative endoscopic findings in the instance of the veb 
Cancer can be quickly eliminated because of the smoothness and thinness 
of the mucosa and the aforementioned reasons relative to a web. There is no 
similarity to achala.sia. Dilatation pioximally, as well as abnormal peiistalsis 
and delayed empt.ving, is eharacteristicall.v absent. ' 

CASE REPORTS 

Casf 1. —K. T , a 55 jear old man, nlio'JC first adaii=sion to .S\Tacu«e XJnuei&itr Hospital 
«as on Dec. 22, 1953, with tlio chief complaint of intermittent djsphagia of four .rears’ 
duration. 

Present Illness —lie stated that apjiroximatcJj four years before he began Iia\iug 
recurrent mild attacks of liaMug certain foods “stick” in the loucr chest Toods ino‘«t liKcly 
to provoke an attack were bcof, ‘scalloped potatoes, com, and bread Tor two jeais, sjmptoms 
were alienated by the ingestion of fluids whenever something became “caught,” During the 
third year of his difficulty ho controlled symptoms by clicwnng foods very well and “abstaining 
from those most likely to cau«o trouble” Symptoms during the jear prior to admission were 
characterized by more severe obstruction. Many tunes liquids would fail to relievo sjrapfoms. 
Occasionally, induced vomiting was noces«ary. Tor about a joar Ins diet had been restricted, 
by his ovvTi volition, to loc cream, nuIK, and cereal. Heart burn, radiating pain, and nausea 
were absent. There was no weight Joss. 

After three jears of dyspliagia, lie sought medical advice. TJirec esopliagoacopies and 
barium studies wore done elsewhere. After each examination he was told that he had a 
“nervous condition” When the situation became desperate, he was transferred to us for 
evaluation 

Phjsieal examination revealed a well developed, well nourished man wlio was coopeiativo, 
intelligent, and did not appear ill. Pli^sical findings were essentially normal. 

Hsophagoscopy on Dec. 23, 1953, was not remarkable except that at the cardia (50 cm ), 
resistance was encountered. The endoscopist interpreted this as the cardia A biopsj of the 
mucosa in this area was performed although it appeared to be perfect!}’ normal. It vvas re* 
ported as normal mucosal epitliebura. 

An investigation of the upper gastrointestinal tract bv barium roentgenograms was 
performed Several roentgenologists agreed that no definite abnormality could be demon* 
strated. One observ'er noted a small area of narrowing several centimeters above the 
cardia. The consensus believed this to be a peristaltic wav’e, although one observer believed 
It to be a stricture. 

The patient was discharged on Dec. 24, 1953, with a tentative diagnosis of djsphagia 
of functional origin and with the recommendation that he return for a recheck examination 
in one month. He returned to Ins home in northern New York State and was not heard 
from until Julj, 1954. 

The familj phjsician informed us that the patient’s condition had become so severe 
that tlie intake of onlv liquids had recently become ineffectual. 

This sequence of events “spelled out” cancer to the patient His wife informed the 
fannlj doctor tliat her husband liad begun to utter suicidal threats He was then returned 
to us for further investigation He was readmitted to Universitj Hospital on Aug. 1, 
1954, Examination w as unchanged from that of the prev lous admission except for a 5 
pound weiglit loss and an extreme aiixiotj state. 
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A lepeat baiium swallow with a thick mixtuie revealed a distinct narrowing 5 cm. 
proximal to the cardia (Mg. 3). ,Surger 3 ' was advi.sed because of the obstiuctive symptoms 
although “web" was not diagnosed. Esophagoscop}' was not repeated. 

On Aug. 2, 1954, at thoracotomj-, no abnornialitv could be visualized or palpated until 
the esophagus had been opened. A 3 cm. longitudinal incision was made proximal to the 
predeteiniined site of obstruction. When a finger was inserted into the lumen, a definite 
obstruction u as palpated approximateh- 3 cm. above the cardia. To obtain accurate visual¬ 
ization and mobilization of this defect, it was decided to open the diaphragm and to make 
a counter gastiotom.y incision. With a finger in the stomach, the lesion was then herniated 
or intussuscepted into the esophageal incision. Excellent control and exposure weie ob¬ 
tained (Figs. 7, 8 , and 9). 



Fig. 13 ,—Postoperative esophagrograms of Case 1. 


The obstiuction was a definite weblike structure having the chaiacteristics described. 
A plastic pioceduie previously' described in detail was performed (Figs. 9 and 10). 

The postoperative course was uneventful. Postoperative roentgenogiams are shown 
(Fig. 13). The patient has been completel.y relieved of dy'sphagia and is absolutelj free 
of sj'mptoms. He has returned to a normal diet. 

Case 2.—W. M., a man 55 years of age, entered Syiacuse University Hospital on Sept. 
12 , 1954, vith the chief complaint of inteimittent dysphagia oi seven years’ duration. 

Fiesent Illness.—The patient stated that 15 years before during an ethanol bout at 
Thanksgiving, “I almost choked to death after suallowing a large piece of gizzard. tie 
didn’t recall further trouble until 1947 iihen he noted the slow onset of intermittent dysphagia. 
He recalled having difficulty suallowing large pieces of beef steak and similar large pieces o 
meat. He noted a sensation of “having- a lump in my lower chest, usual 3 reie\e 3 
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M\aUo\ving some liquid. After n jear or so, lie noted that liis eating habits had cdianged. 
Cheniiig food more thoroughly became ronline. Strict adborcnce to this regimen reUeved 
s} jnptoms for several years. 

During the tno joars prior to adnn‘«‘«ion, strict eating haliits no longer nerc clToctivc. 
For two ^ears his diet was of nece*'sity restricted to liquids^ ice cream, and fine cereals. 

He was esophagoscoped liy «s in but no lesion wa« found. Tlie stomach i^ns 
readily entered. Barium studies revealed a iioriimlly emptying esophagu*- (Pig. 4). He was, 
therefore, told that he had a "nervous condition” and was given pills. He then found that 
pills w’ould often cause severe symptoms. He denied hearthurn, pain, -vomiting, and weight 
lo'ia. He was re'evalunted by us in September, 1054. 

Pliysical examination was essentially ncgativ'c. The patient wa« n W'ell-de\ eloped, 
well nourished businessman, lie diil not appear acutely oi chronic.ally ill. 

Esophagoscopy was not repented. Barium studv* of the esophagus revealed a t.vpical 
web located just proximal to the cardtn. The lumen measured 3 mm. (Pigs. 5 and fi). 



Pier 14.—Postoperati\e esophacogram* of 0 *^** 

Af exploratory thoracotomy on Sept. IS, J»54, the linilms*. and oi^-ratite procc .ore a-- 
tlescnbed in Case 1 were almost identical e.xcepf that the le-ior i-a- iialpahle lierore :l- 
esophagus n-as opened. It presented ns a firm lomlized circemferentiaf thirtenin^ i' 

esophageal wail. This area corresponded to the ha'e of the ireK 

The descrilied plastic repair was performed. 

The postoperative roentgenogram is shoicn in Pig. 14. 

The patient has lieen completelj rclieied of dr^p'-agia and when .ecu r If*-'- 
(0 months postoperatively), he stated, ‘>It’= Me Ming anew. J ^at e- 


eOM.trF.VT .iSD D'-'CriSin.V 

Ingelfineer and ICramer deiene ereiiit f. r reDor^in- -rr 
roentgenographic fiittlhigs- „f thh fenn. ;,bev v,-crc ' 
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the exact nature of the structure they -ivere describing. They called it a 
contractile esophageal ring” and, although 1 case was treated with resection 
and esophagogastric anastomosis, the pathology of the lesion was not deter¬ 
mined. 


Sehatzki and Gary described accurately the x-ray findings of this lesion 
and called it a ‘ lower esophageal ring.” Although one of their patients was 
operated on and had an esophagoplast.v, they, too, were uncertain about the 
exact nature of the lesion. We believe that Sehatzki and Gary were precise 
in their original comments and description of this entity as a fixed "ring” 
which is pi'esent at all times although visible only when the esophagus proxi¬ 
mal and distal to it is distended more than the maximal diameter of the 
ring.’ Ingelfinger and Kramer believed that the lesion was not preformed, 
that it occurred as a peristaltic wave approached the lower esophagus, and 
that the ring might have migrated downi the esophagus toward the diaphragm. 
We are in agreement with Sehatzki and Garj^’s original report and in dis¬ 
agreement with Ingelfinger and Kramer regarding these x-ray findings. How¬ 
ever, in a subsequent report, one year later, Sehatzki and Gary were inclined 
to believe that the ring represented the herniated esophagogastric junction. 
They regarded the narrowing as caused, not by an abnormal muscular con¬ 
traction, but by an inability of the esophagogastric junction to distend beyond 
a certain diameter. They stated, "The nature of the abnormality and its 
origin are not known, but the clinical and roentgenologic pictures are charac¬ 
teristic.”® 

Surgeiy in our 2 cases has jiroved the actual identity of the lesion to be a 
firm, moderately rigid web (or diaphragm) comprised of hj’perplastic squamous¬ 
cell epithelium, submucosa, and muscularis quite similar to the normal lower 
esophageal wall. The web is about 3 mm. thick. In the first case the lumen 
was 3 mm. in diameter, in the second it was 5 mm. It is intraesophageal, about 
3 cm. above the esophagogastric junction. In the second case, in addition to 
the wel 3 . there was a thickened intramural ring within the muscular wall the 
nature of which is not known. Both cases were undiagnosed with the first 
barium x-ray studies. Both were undiagnosed at esophagoscopy. This may 
seem faulty and dififlci;lt to understand. In each instance the instrument was 
passed to the obstruction, but it was not visualized as such. The endoscopist 
thought it was merely a matter of a difficult cardia to pass, since there was 
no tumor, ulcer, esophagitis, or visible stricture.’'’ Both eases were operated 
upon in light of the subsequent x-ray findings, plus the severe obstructive 
symptoms. In the first case, the esophagus appeared normal and was negative 
to palpation. An esophagotomy was done about 4 cm. above the cardia and 
the obstruction palpated. The end of a Kelly clamp could be passed through 
the lumen. 'With the left index finger introduced through a gastrotomy in¬ 
cision, the web was forced upward into the esophagotomy and a local plastic 
operation was done. In this manner, the cardia was preserved. In the second 

"With our present knowledge and experience, we think endoscopy will be properly 
interpreted in future cases of web. 
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case, the ■sveb ^^as tieatccl in the icleutical mannei The coexisting “img” ivas 
incised and fiactnied In this ease, the iing ivas ])ilpated oxteinallj Clmi 
cally, this simple plastic procediue has pioicd to he completely effective 

AVln does svmptomatologv oceiu late m hfe when the lesion is appaientlj 
congenital lU oiigin^ This poses an inteiestmg piohlem and may stimulate 
consideiablc speculation Is theic sufficient hjpeiplasn of the mucosal epi 
theliuin and lesiiltant ‘Molding” ot the I cvei to account for a change in lumen 
si^o” Docs tiauma, with associated edema and cliionic inflammatoiv leaction, 
influence the niobihtv of the web*^ Pcihaps these eliaiigcs explain the meeba 
jiism of late svmptoms Ciiuenth, thcie aie insufficient data to make positive 
statements legardmg these questions It is hoped that suhsoquent investiga 
tion will supph the answer 

snvivrvKi VXD conclusions 

1 Two case lejioits have been levicwed illustiating a gtnoially uiuecog 
lu/ed cluneal entity which causes d-vsphagia 

2 The etiological factoi has been eleail} established as a memhianons 
wohlike stiuctuie occiuiing in the lowci thnd of the esophagus 

3 Its pathologic and cluneal chaiacteiistics liavc been discussed 

4 A successful opuativc approach has been described 

5 Lowei esophageal web should he included in the diffcicutial diagnosis 
of djsphagia 

t\e wish to acknov^ledge the advison and technical «^‘'istonce of Dr Paul Bunn, 
^''socinte Professor of Medicine, Dr Richard B Janucson, Assistant Professor of Bacteii 
ologi, and Alias btella Zunmor, PhotoglaI>h^ Dcpirtnient, State of Ise^v* "iorl, Upstate 
Medical Center, racuse, New York 
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Discussion 

DR RICH4RD H SWEEl, Boston, Mass-—Dr Bugden has brought to our attention 
a most interesting lesion, but I submit that he is confusing two different conditions, because 
I do not belle^e that the so called contraction ring described bj Ingelfinger and also bi 
Schatzki IS necessarily the same thing AVc at Massachusetts General Hospital ha\e been 
puzzled to explain tlieir findings I have encountered three actual loiver esophageal webs, two 
in infants and one m an adult, all three operated uxion by local procedures sncli as described 
by Dr Bugden and, incidentally, I fa\or opening the esophagus and doing a circumferential 
excision of the web ^ 

In the cases that Dr Schatzki shows us and in Dr Ingelfinger s cases, one cannot see 
am thing m the esophagus by esophagoscope The instrument can be passed right into the 
stomach On the other hand, the«e webs, including the three webs I haxe had, are readily 
seen by the esophagoscope In the infants, attempts to dilate them were unsuece'»sful 
There was an obvious mechanical difhcultv home of the cases that Schatzki calls contrac 
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tion rings I believe are small hiatus hernias ^n'here the esophagogastric junction is a little 
above the diaphragm, and not infrequently these patients with almost unrecognizable small 
natus hernias may have obstruction when they change their feeding habits, as Dr. Bugden 

has pointed out. But I think he is talking about two enfiiely different conditions here to- 
daj'. 


BE. EALPH ADAMS, Boston, Mass.—^Almost everybody in this Association has a 
ease of almost anything, and I do not want to duplicate the lung abscess experience of a 
few years ago when practically every youngster present seemed to have one to report. 
But in the two cases of web of the type pictured, I think that the treatment mav be much 
simpler than that diagramed and exemplified. I am sure there are two different conditions; 
Dr. Sweet brought that out. Tlie}' may be distinguislied by careful fluoroscopic and x-ray 
e.xamination. No esophagus has been properly examined until the patient has been fluoroscopcd 
in the Trendelenburg position. If bread is mixed with barium, thin barium becomes tlie 
functional equivalent of tliick barium. In the Trendelenburg position, if one gives thin barium 
and then a sivaUow of tliick barium subsequently, lower esophageal lesions, and particularly this 
one, are made evident more easily and more beautifully than by any other method. Dilatation 
by means of inflatable bag bouginage will correct these affairs very promptly and in a 
minimum length of time. 


DE. MAX G. CAETEE, New Haven, Conn.—I am tremendously interested in this prob¬ 
lem and delighted to see that it is again brought to light by Dr. Bugden, but I rather agree 
with Dr. Sweet that perhaps he may have a different concept of what Dr. Schatzki has brought 
out from what I have. Since our roentgenologist became aware of this disorder some two 
years ago we have now seen 4 eases. These cases can be identified from the history, at 
least to some extent, and when they are examined properly with dilatation of the esophagus 
during fluoroscopy, the diagnosis becomes clear. In not one of these cases was there any 
abnormality by esophagoscopy except that the esophagoscope entered the stomach someivhat 
more readily than is usual. We therefore had the feeling that the patients probably liad a 
“short esophagus” type hiatus hernia. This has been confirmed by x-ray. Finally, these 
patients have been subjected to dilatation by the Hurst mercury bougies which pass easilj- 
through a No. 48 F. without the slightest feeling of resistance. I may be in error, but I can¬ 
not imagine that would happen so easily with the cases Dr. Bugden showed us. 

(Slide) I am sure many of you have seen this illustration from the textbook bj' Dr. 
Templeton. He pointed out that this was a lesion which could be identified when the 
esophagus was distended, was not malignant, and should not be mistaken for malignancy. 
That was in 1944. Dr. Templeton did not name the lesion. 

(Slide) This illustrates a classical “contraction ring.” On the right there is disten¬ 
tion of the esophagus with air, almost like a contrast enema, showing the narrowed portion. 

(Slide) These pictures are of another patient with similar findings. There is the ordi¬ 
nary esophagram on the left and on the right the esophagus when the patient has snaliened 
bread together with thin barium. Our roentgenologist has become astute in finding these 
and I w'ould like to ask Dr. Bugden whether he feels that this sort of lesion should be 
operated on. We have not operated on any of them. The patients report symptoms 
occurring during periods of emotional stress, when they perhaps eat a little too fast. One 
patient wmuld get upset when his teen-age son would take the car and keep it out too late; 
then for a couple of days he would not be able to eat steak. When he learned what his 
problem was and that when he was angry with his son he had to chew a little more thor¬ 
oughly, he could eat normally again. 

DE. I. DAEIN PUPPED, Columbus, Ohio.—In our experience, the use of a No. 00 
barium-filled capsule has been more positive than the use of barium bread in bringing out 
defects in the lower esophagus. 

DE. B. H. EAMSAY, Los Angeles, Calif.—I should like to report the case of a 61-year- 
old man who was about to commit suicide. He stated that he had had no difficulty what¬ 
soever with swallowing until eight years before, when suddenly, with a normal meal, he 
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cliokcd niul tlRuafttr Iin Inti jie^cr Inti anjthinp but bailo} ^\'ltel ind unswettenel 
^^elatine Xbe oorrcct dinKno'tis ot -vveb obstruction «as not made I operated upon him 
md did nn e^oplulgotom^ of the lowei I inclits of esopha/jns iMth a Lc\ine tube in place 
The csophnprus iias h%peitropIued the miico'>a apiJcared normal I asked the anesthetist 
to pass a Leiinc tulc to tin stomath, uxl it passed tlit area of narrowing into the proximal 
inch of the stomach, but no further In order to in\estimate this, I inserted mj finger into 
the stomach through i gastrotonn opening and felt a membrane between the Unger and 
tilt tube I want to point this out, because tins man had hod dilations on se\eral occa 
sions b\ \er\ competent men uiul each time was told that the esophagus was Mike a 
sponge” Vctunlh, the Ie\int tube had mvagumted a membrane downward into the 
stornneh Tlieit was a dense membrane about O') imn in thitl ness with a \er\ small 
opening in the center Because these membranes can be displiced or stretched downward, 
esophageal dilatation inaN not he simple If the dilator does not penetrate the opening 
m the esophageal web liut displaces it downward, the dilatation force is directed against 
the esophageal wall but cannot afTect the web itself 

PR C F brORr\, l‘ortsmouth, \a—T Jin\e had one pitient with a lower esophageal 
web identical to those de^trihed b\ Pi Biigdcn except that it was loc ited somewhat higher 
in the esophagus near the pinction of the loivcr and middle thirds Ihis lesion was cn 
countered in i ‘1 month old white girl Imb\ who had had increasing d\sphagja and 
regurgitation since birth She did fairh well on liquid nourishment 1 ut was unalde to take 
uu t\pe of solid food A.t operation through the right chest the lesion could not he felt 
through the wall of tlie mobilized <so]ihigus aUliotigli it had been accuratol) locilizcd b} pre 
oicriti^e larium swallows A No 36 red rubber urethral < ithetcr wa« passed down the 
esophagus until the obstruction was nut A 15 cm ^egnunt of the esophagus was then rt 
sected including of course the esophageal web, and esophageal continuity was restored by a 
twolajer end to (ml uuistomosis EMimiimtion of the usected specimen cltarl) showed that 
an operation of uiimies«arj magnitude liad been performed A small longitudinal incision 
m tlie muscle coats of the esophagus, resection of the yyeb, and closure as described by Pr 
Bugden would haye been perfectlr adequate The patients postoperative course was 
entirely uncomplicated and there has been no tendency to narrowing at the site of the 
anastomosis in the eight months that have elapsed since her operation The child is noyr 
able to eat all foods without difficulty 

PR R \LFH berg, TR Spokane, AAnsh—I would like to male the following re 
marks in discussing the paper by Dr M alter F Bugden and Dr T Ernest Pelmonico Since 
tins lesion uncommon I yyish to present 2 cases diagnosed in childhood 

^lide 1 demonstrates a diaphragmatic obstruction in the distal fouith of the esophagus 
partially obstructing it This boy was 21 months old Tins second slide demonstrates 
the finding's two weeks following surgical excision of the diaphragm This is the site of 
the esophagotoniy which you note is the widest portion of the esophagus Slide d shows 
a radiolucent foreign body obstructing the esophagus by occluding the tiny lumen in a 
fibrous diaphragm also m the distal fourth of tlic esophagus This child yias an 11 month 
old girl 

Both patients haye obtained complete relief after surgical excision of the diaphragms 
Both patients lad apparently normal esophageal function until they began to take solid food, 
then intermittent dysphagia appeared with solids The boy’s lesion yyas missed in tyvo pre 
ceding esophagrams The family had consulted a host of doctors trying to find the cause 
of his intermittent dysphagia and they yiere misled by ‘negative’ radiographic studies 

The first child is about two 3 ears postoperative, and the second one 3 ear postopera 
ti\e Is either patient has had dysphagia or obstruction since operation and their diets are 
entirely norn al In both of these patients, the lesion was leadilv seen at esoplmgoscop' 
and attempts at dilatation were failures Neither of these children had a history of inges 
tion of corrosive agents 
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Although these radiographs seem to be almost identical to those shown bj- Drs. Bugden 
and Delmonico, it seems inconceivable that a lesion such as demonstrated here could remain 
asymptomatic until adult life. Lesions of this tj'pe certainlj- merit further attention. 

DE. EENEST DELMONICO (Closing).—I wish to thank the discussants. 

One purpose in presenting this subject was to stimulate interest, discussion, and in¬ 
vestigation. From the comments of the previous discussants, I believe the purpose has 
been fulfilled, ''rt ith regard to some of the questions raised, we have reserved some 
ammunition. 

(Slide) A third-year medical student came to us one Sunday afternoon with a foreign 
body lodged in the lower esophagus. Prior to esophagoscopy he related that for several 
years he was in the habit of carefull}- masticating his food to avoid dysphagia. Esophagos¬ 
copy located a small bolus of meat lodged near the cardia. Following its removal a definite 
narrowing was visualized near the esophagogastric junction. An attempt to pass the 
esophagoscope through this area resulted in fracturing the "web” as represented on this 
postesophagoscopic barium .swallow. The patient no longer has dysphagia. This suggests 
that in some instances the lesion may be treated by endoscopic means. 

(Slide) The next patient was a man 55 years of age who complained of having 
dysphagia for 16 years. The web in this instance was responsible for only mild dysphagia 
and therefore a corrective procedure was not performed. This slide again illustrates failure 
of a thin barium swallow to demonstrate the lesion. 

(Slide) This is the same case. However, at this time a barium swallow with a bolus 
of bread was employed. Notice the relatively large diameter of the lumen of this web. 
Considerable mobility of the web was observed fluoroscopically, which may be a factor in 
producing only mild obstruction. 

Eegarding treatment, we are not certain which cases should be treated by the 
endoscopic route and which by esophagoplasty. There are many variations of webs with 
regard to size of lumen thickness, pliability, etc. We do feel that the 2 cases reported in 
our paper could not possibly have been successfully treated endoscopically. 



IjYjrPIIOJrA 01’'' TIIK IjUNO akd pleura 

WiLLAiti) Yax IIakhl, JI.D.,* ANnRoBKHT J. JnxsiK, JI.D.®* (nv inmtatiox) 

Chicago, lu,. 

T he I’clntcd lyoiphogenous discuses, lyniphosai'coinii and Ilodglnn’s disease, 
M'heu occurring iu tlie tiiorax iiavc usually been considered to be medias¬ 
tinal lesions. Pulmonary and/or pleural involvement are seen in the.so dis¬ 
orders in ineidcnce varying up to 33 per cent (parenchymal) and oO per cent 
(pleural) (RubiiP) but these localiy-alioiis usually accompany the widespread 
dissemination seen in advanced, pi etorminal, or autoji.sy material. 

In Robbin’.s- analysis o£ a largo series of proved lymphoma cases, ajiproxi- 
niately 7 per cent were considered to liavc developed a hnnphomatous process 
ill the lungs. This analysis eliminated all pleural fluid cases and conceivably 
excluded some other cases, which jmssibly accounts for this low figure. 

Isolated oi-gan lymphoma has been reported in bowel and stomach and 
examples of localized lesions, which would have permitted surgical excisions, 
were seen in 10 per cent of the autop.sy material comprising Gall and Hlal- 
lory’s’ series of proved lymiiliomas. 

ifore recently, ease l oports of pulmonary lym])homa treated by lobectomy 
or pneumonectomy have appeared, the first of these by Churchill,■* .?patt, and 
Gr.ij'zel,'' and diaier (1948)," although the resection in the latter report actually 
was done in 1944. 

The patient reported u])on by Dr. Churchill was again included in Robbins’ 
series, five and one-half years following resection, at, which time a recurrence 
had developed iu the lower lobe and iu the left lung. 

Subsequent reports have also been publi.shed by Anlyan, Lovingood, and 
Klasscn (191)0)’; Deck and Reganis (19.51)*; AVeissman and Christie (lb.')!)"; 
Sarokhan and Morrison (1953)’"; and Grimes, 'Weirich, and Stephens (1954).” 

^Our soiies consists of 12 eases seen from 1945 to the present time .at St. 
Luke’s Hospital and llesearch and Educ<ational Hospital of the University of 
Illinois .and is divided into seven parenchymal and five pleural-typos. Brief 
abstracts of these cases follow although a summary of the data appears iu 
Tables I and II. 


CASE KEI’ORTS 

Case 1. J.muar.v, loan. Tlie patient (it. W.) nn-. n 27-yonr-oUI white wounin wiio 
lia.l coniptained q€ sUottne-.s of tueatti, a congti, anct cxpeclornlion of whiti-.h .sputnin foi 
SIX monthb. Tlie onset was acute with pain in tlie left cliest iin.l tlic s\niiitonis Iin.l 
inereasert m se\ent\ until the time of admission with the ndditioiiiil eonipinints of Hweat- 
ing, weiglit loss (25 pounds), and weakness. 


From St Luke’s Hospital, University of Illinois ColloKO of JlKllcIn.-, Old. ni-ii III 

ireo ?rA\,fntm‘^cTlyl^‘X-T'Aprd“l!l*?^^^^^^ Assoolalhm r,„ Tlmlarm-o,,.. 

# ,-'>ttenainR Surgeon, St. Luke's Hospital. CIJnIcuJ rrofc-uior of 

of Illinois College oC Medicine ^ *• 

.wcr,. •,V\‘’socfate AttenOinp Surgeon, St Luke's Hospital; Clinical AsHlalant Pi 
gerj, Unhejsity of Illinois College of Meillcine 
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PJi\‘'icril examination re\taled an cniacmtcd, pale, \\lute ivoinan ^Iio appeared cliioni 
calh ill and had a temperature of 102** V Ihert an enlarged node in the left cervical 
legjon and on the left side of tlu chest dullness was elicited in the lowei half Breith 
sounds were absent in the corresponding area 

Tho laborntorv data rc\cnled the red blood count 22 imllion, with a white blood 
count of 13,000 and Iipuioglobin, (Id Gni Sputum and bronchoscopic secretions were nega 
tive for tubercle bacilli 

\ rivs of the chest over a 7 month period rc'culed a grndualh increasing densilv in 
tho left lung Jield which, at tho time of admission, otenpied two thirds of the left chest 

(rie 1) 

Bronchostojiv was iioncoiitributorv and a needle nsjniation Melded a small amount 
of blood tinged fluid but no pus wa^i obtained 

An antero axillarv incision was made on the left side, a portion of two rilis was re 
moved and a pochot lined bv soft necrotic and fibnnlikt tissues was entered It could not 
bo determiiud whether this was m the lung or between the lobes and, after sizable portions 
of tissue were removed, tho wound was pad od wide open with penicillin gauze Ihc 
pathologic examination rtvcaled nodular grav tissue with a microscopic appearance of 
great variation JfuLh necrosis was soin along with collular areas containing flbroblastic 
proliferation v ariabk sized moriomickar cells hinpliocv tes, and multinuclpafed ctlk 
Tubular remnants of bronchioles could bt seen sunounded bv shoots of large mononuclear 
cells some of which were in mitosis 

Tlie interpretation of the sbdt was that of an cpithebil moplasm although at tho 
time one of us (R J T ) thought the lesion was Hodgkin’s disease Diis opinion was 
partiallj corroborated at the Umversitv of Illinois, where the opinion was expressed that 
it was Hodgkin’s sarcoma (1 ig 3) 

The patient received xrav theripv and was discimrgcl siv weeks after almission 
The complete clearing of the left lung did not occur until September, (^ig 2) 

Tho patient has had two clnl<lrcii since but at the time of tlio second prcgnnncv, she 
developed nodes in tho right cervicil area and received x rav therapv Because of lecur 
rence of chest pain and shortness of breath, a therapeutic abortion was performed in Idol 
following a third prcgnnncv At this tunc, chest x rav revealed a widening of the medias 
tinal shadow 

In Jul}, 1053, fluoroscopv levealed further enlargement of incdnstinal widening and 
nitrogen mustard was given 

The last admission was m March, 10'>4, at which time the patient was markedlv 
icteric, emaciated, and preterniinal She died and the nutopsv revealed tissue involvement 
of the retropcntoneal ind mednstinal aria«, paiitieis, spleen, kidnej, adrenal glands, and 
lungs Tho interpretation was reticulum cell Ivinpliosarconia but the tis'-ue sections demon 
strated pronounced areas of Hbrosm witli but few scattered areas of cellular infiltration 
resembling that seen in the surgical specimen Tlitse changes resembled tlie so called 
burnt out” Hodgkin’s disease (Fig 4) 

CAf5F 2—Februarv, 1047 The patient (A I’l a 50 vear old white woman, had com 
plained of a, nuld, drv cough, decreased appetite, and weakness for four to five months 
Spicv foods had caused “stomach distress” following eating but gastrointestinal \ rars 
were negative The cJiest roentgenograms revealel a dense, fnirlv well demarcated mass 
I the right lower lobe at the cardiophremc angle 

The Inboratorv data revealed a KBC of 3 7 milhou, with hemoglobin 11 5 Gm , and 
BC, 5 OOO The diiTcrential count was normal and urine and M assermann tests were nega 
tivc Sputum specimens were scant and negative for tubercle bacilli 

Bronchoscopic examination revealed compression of the right lower lobe bronchus 
and aspiration of tiie posterior basilar segment vicldcd a smuH amount of clotted blood 

Thoracotomv was done at which time a lemon sized mus', was felt in the lower lobt 
The ovcrlving pleura was slights puckered and the inipresMon was that thej,Iesion was 
carcinomatous The lung along with Ivmph nod**s at the hiliis vs as removed ^ ’ 

valeseencc was uneventful 
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The pathologic examinatioa revealed a iinn mass in the loiiei lobe which on cut sur¬ 
face had an irregulai, indistinct bolder of gray color luth flecks of carbon pigment It 
had occupied slightlj" less than one-third of the collapsed loner lobe. The hinph nodes 
nere mainly anthracotic. 

Microscopically, the sections consisted of numerous small 13 'mphocjtes infilti"'* g 
the lung parenchyma and obliterating all the arehitectuie nith the exception of reni -ts 
of bronchi and bronchioles. The l 3 ’mph nodes were negative. 


Flff 1 



Fig 1 —Case 1. 
Fig 2 —Case 1. 
months. 
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The patient was not seen again. Death occurred in October, 1950, 
of the referring doctor stated that it was due to cardiac failure. 


and the records 


Case 3.—November, 194S. The patient (G. S.) was a 70-year-old white man, who 
entered the hospital with complaints of shortness of breath which had increased in severity 
unng two j'ears and a cough, of two months' duration, productive of whitish phlegm 
streaked with blood. He had been hospitalized one week elsewhere because of a diagnosis 
of pneumonia and was improved but entered St. Luke’s Hospital at this time because of 
the persistent blood-streaked sputum and because of an abnormal shadow seen in the chest 
x-raj'. Two years before the patient had been hospitalized because of a heart attack and 
since then had had occasional precordial pain on exertion. 

The physical examination revealed a somewhat short, stockj*, elderly white man 
in no apparent distress. There were no enlarged lymph nodes in the cervical, axillarj', or 
inguinal regions. The heart and lungs were normal, and the blood pressure was 130/80. 
There was a left inguinal hernia which could be reduced and a large soft tumor mass in 
the lumbar region, extending on both left and right sides, which was thought to be a lipoma. 

The ]aborator 3 ' studies revealed negative serologj' and a .slight trace of albuminuria. 
The REG was 4.2 million; hemoglobin, 12.9 Gm.; and the WBC, 9,300. The nonprotein 
nitrogen was 44 mg. per cent. 

The chest x-ray revealed a solitary density jn the left upper lobe just lateral and 
superior to the hilus. It was not sharply circumscribed, having an irregular border which 
merged into the adjacent lung tissue. An x-ray two months later revealed no appreciable 
change. 

Bronchoscopj' rex'ealed slight compression of the upper lobe and broadening of the 
spur between the lingula and upper segmental bronchi. Biops.v xvas taken from the area 
and secretions aspirated for cytologic studj', both of which were negative for tumor. The 
patient was discharged after the bronchoscop.v but readmitted in two months because of 
the persistence of the hemoptj'sis. Repeat chest x-raj’S revealed no appreciable change. 

A thoracotomj' was done, at which time a firm mass was felt in the left upper lobe. 
Although it was thought likeH to be a carcinoma, onlj- the upper lobe was removed because 
of the patient’s age and previous coronarx- histor.v. The patient had an uneventful con¬ 
valescence and was discharged two and one-half weeks postoperatively. 

The pathologic examination revealed a mass, measuring 4.5 cm. in greatest diameter 
and having a graj' cut surface with scattered areas of black, lilicroscopicallj*, the lung 
tissue was replaced bx' dense masses of small Ix-mphoex-tes. These areas were not ar¬ 
ranged in follicles and did not hax'e a sinusoid pattern but replaced the parenchj'ma and 
surrounded the small bronchi, bronchioles, and x'essels xvhich could be identified. The patho¬ 
logic diagnosis was Ix'mphosarcoma (small-cell) of the lung. 

The patient was seen two j'cars later, at which time there xvas no ex’idence of recur¬ 
rence and the chest x-raj' rex’ealed good expansion of the remaining lower lobe. He has 
been lost to follow-up. 

Case 4.—October, 1949. The patient (IV. J.), a 53-year-oId N^egro man, had com¬ 
plained of slight shortness of breath and a cough for the prex'ious two x-ears with a grad¬ 
ual increase in symptoms accompanied by the dex-elopnient of mucoid expectoration in the 
past four to six’xveeks. He had had one episode of blood-streaked sputum about a year 
before. A mobile unit x-ray film taken in September, 1949, revealed an abnormality in the 
right lung field and admission to Research and Educational Hospital followed. 

Phx-sical examination rex'ealed a short, stockx' Negro man in no obxdous respiratorx- 
distress with normal pulse and temperature and blood pressure of 148/80. No enlarged 
nodes could be palpated in the cervical, axillarx', or inguinal areas. Auscultation of the 
chest rex-ealed drj' rales in the right lung posteriorlj'. X-raj's of the chest rex-ealed a den¬ 
sity in the right upper lobe xx'hich xvas considered to be an infarction or atjTncal pneumonitis. 

Bronchoseopx' was done on two occasions and rex-ealed a compression and stenosis of 
the right upper lobe orifice. 
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Fig. G.—Case 5. Resected right lung, cut surface. Large cavity with thick walis, upper lobe; consolidation i 
lower and middle lobes. 

Fig. 7.—Case 5. Immature type of iymphoma. Clasmatocytoma or reticulum-cell lymphosarcoma. 



VAX nAzi:L AXi> jkxsik: lvjiphoma or lung and dlluha 


Tho bronchoscopic re]»orts niid patliolo^ic interpretations Mere ns follous: 

July 2S, 1949: A ^irnnulnr. mns-s wns seen nt the right si<1c of the enrina 

occlutliug entrance to the right main lironcliii'.. The bronchoscope could not be passed be¬ 
yond tijc mass. 

Biopsy repealed fragments of liyaline cartilage and mas'.es of necrotic tissue with 
ghosts of cellular .structures. 

Diagnosis: Necrotic tissue, in all likelihood ju'oplustie. 

Sfp/. 10, 1949: A granular fungating mass was scon to arise from flio right side of 
traclien, 1 cm. nhoxo the carina, and it eneirclerl the orifice of tho right ninin bronchus. 

Pathology: Bits of .srjunnious and respiratory epitlielinm were picsent. ^fany polya 
and Ijmpliooytos acre pro'-ont beneath the epitlielinm. Areas of necro'*is nore pre.sent and sug- 
get>ti\e of caseation. Neerusi*' was present but no n<d<bf,ist baeilH were seen. 

Diagnosis: Necrosis with acute ami clironic inilamnintion and squonions-cell meta¬ 
plasia. 

Oct. SOy 1949: A re«ldi‘*h muss purfially ohslructed the right main bronchus. A bi<*pi.y 
was taken. 

Pathology; Dense connective tissue and granulatton tissin* were present. 

Diagnosis: Peactive changes not tvpically infiammntory. Larger crlK jircsent and n 
peculiar aligiinicnl ucr<* suggestive of a lunphomatons process. 

Not*. IS, 1949: Tno raised aic.as were present “ cm. nhove the enrina on the right lat¬ 
eral nail of tlie trachea. The mucosa was smooth. There was n stenosis of the right upper 
lohe hut tissue was removed from within the orifice of the upper lobe. The enrinn was widened. 

Pathologj: Hemorrhagic loose areolar and dense collagenous tjesm»4, aero infilirnted 
With many acute and eliroiiie iaflammutory cells. 

Diagnosis: Acute and chronic infliunmntion of the brouelms. 

^ A thoracotomy was done on Nov. 2fl, V.M9, Many ndhesions were encouuferod. The eii- 
tiro upper lohe was firm with a fluctuant central area. The entire lung was roiaovucl with 
closure of the lironehus nt the carina (Pig. t»). 

^ The patient m.*iilo an nncveiitfnl recovers and on the vocond week, postoporatively was 
given ft coar&c of nitrogen imi>tard therapy at the end of which time she was discharged 
from the hospital. 

Jol Pathologic examinatioa revealed a large cavity JO cm. in diamoter in the upper 

a consisted of ragged, ulcerated, tan and gray tisanes. There was 

^ hilus, whicli communicated directly with the cavity, the wall of which was 
MT? thickness and resembled *Mis|i flesh’* in appearance, 

bronchi i!r^ aud lower lobes were adherent by dense adhe&ions and on cut surface tho 
and finn one no es contained croaiiiv exudate. The nodes at the hiTus were enlarged 

were mam-"waTtpri‘'".'"."K ‘‘"'W «•«'> necrotic, pink, nmorrlioii-i material. There 
tho atelecHtic narciirl"'^'^"'’ I'lco'i'orphic larRo ami small cells ia\ailia(- 
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The phj sical examination revealed a j'oung white woman with numerous areas of 
excoriation from scratching over most of the body surface. 

riieie were several 2 to 3 cm. firm nodes palpable in the right cervical region and a 
few pea-sized nodes on the left side. The lungs and heart were essentially normal with the 
blood pressure of 135/70. The abdomen was negative. 

The laboratorj' data revealed negative urine and negative serolog}' with a EEC of 
3.40 mirion^ a WBC of 10,400, and hemoglobin of 10.3 Gm. 




Fig. 8.—Case 6. Nodular dissemination of Hodgkin’s disease. First interpretation was pul¬ 
monary tubeiculosis. 


There weie finely mottled, soft densities scattered tliioughout the right lung field 
with only faint suggestion of left lung involvement. An x-ray in October revealed coales¬ 
cence, enlargement, and increase in these areas. A chest film in 1934 revealed almost com¬ 
plete disappearance of the pulmonary infiltrations. 

A cervical node on the right side was removed, and the histologic diagnosis was 
Hodgkin’s di.sease. The patient received nitrogen mustard for four consecutive days. 

The second admission was in Febiuary, 1952, because of edema of the left lower 
extremity and lymph node enlargement in the inguinal area. She recei\ed another series 
of nitrogen mustard treatments on four consecutive days. 

The patient has not been seen since 1952 but she is still alive. Personal communica¬ 
tion with the family doctor revealed that the patient has had several repeated series of 
both x-ray and mustard treatments. 

Case 7.—December, 1953. The patient (G. C.) was a 46-year-old rvhite womait who had 
had an abnormality discovered in an x-ray of her chest made by a Mobile Survey Unit, 
six weeks before entrance to St. Luke’s Ho.spital. She had had previous films made which 
had been rejrorted as negati\e. She was essentially without complaints except for slight 
fatigue. 

The physical examinatioir failed to reveal any essential abnormality. No palpable 
nodes were present in the neck, axillary, or inguinal area. The heart and lungs were nor¬ 
mal. Blood pressure was 120/80. Liver and spleen were not palpable. 
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Tlic labontor} /iiulings mealed negnti\c urine and «croIo"^ Hie BBC was 4S 
nullion, WBO, S,^nn, lieinoglobui, 3J<», n»fh l\jiiphoc\tts fi, inonoc\tc« 4, neutrophils S3, 
and bands 7 

The chest x ra^s are sliouii in Tip 

Bronchoscopic oxannn ition rexcnled slight injection of the mucosa in the left loner 
lobe bronclms but no masses or compression of the sepincntal orifices Vspiration deep in 
the loner lobe bronchus caused pronounced oo^nij; from tlie bronchus and this material 
nns sent for Papanicolaou and cell blocK studies, both of nhich nere negatne 

At thoracotonn, a lirm mass was founl in the left loner lobe and on the interlobar 
surface the pleura had a liroivn discoloration, su^tjjcstin/y an infaiction Seceral small noles 
noro present along the bronchus mid these nerc rcmo\cl nith the entire loner lobe 



Pis 9—Case " Solltarj mass m loner lobe of left lung: 


The pathologic examination lexealcd a mass nhich measured 7 cm in greatest diam 
etor on cut surface and had a grajish tan color (Pig 10) Ao distinct point of bronchial 
origin nas found Histologicalh, the mass consisted of manr small hmphocitcs nithont 
distinct sinusoids or cortical nodules These surrounded bronchi, lironchioles, and small ^Gs 
sols and contained scatteied carbon deposits Tlie cells replaced the aheolar lung partn 
wa and the pafho?ogic diagnosis nas small cell liniphosarconid fPig JI) 

The resected )^nlph nodes neic negatne The con\alesccnce nas une’ientful, ;and 
the patient is alno and nell almost eighteen months folloning surgery 

CiSB S Juh, 1942 The patient (CD) nas a 4S^ea^old nhite man nho entered 
St Luhi \ Hospital m Tul\, 1942, for broncho'>copic studj and eiahntion of an abnorm ibt\ 
in a clie>it \ raj taken nhen lie attempted to obtain a commjcqion in the Armed Forces Other 
thin occasional cough and slight expectoration associated nith colds, he felt that lie nas 
entire]) well 

The physical examination nas entirely nitliin nomial limits except for slight generalised 
ol)eslt^ The laboraton data n ere nithin normal limits and bronchial secretions n ere nega 
tixe for tubeicle bacilli 
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Iho chest \ri>s re\cfilcd a fusiform (]enslt^ at the lateral chest ■wall opposite the 
fourth through sixth ril)s hfonlh ftnil a soft nodular ill defined density opposite the left 
puhnonarx bihis 

Bronchoscopic studies wore esseiitialh noruinl 

The second admission was in Oclolier, 1947, at whicli tunc the patient complained of 
slight shortness of breath The chest \rnxs (lig 12) reiealed enlargement of the densitx 
on the left side a new dcnsitN xn the right lung extending from the fir^t to third ribs an 
tcriorh and obliteration of the lower half of the right lung field, suggesting fluid Ihoia 
centesis was done and 2,100 c c of slightU turbid, xellow fluid was obtained Histologically, 
this was repoited as pleural cMulite but the inajoritx of the cells were hmphocites 

The third ulnnssion was jn .Tub, 104S, at which time the patient had innrhed d\spnea 
and a temperature of 104* T During the past months, fluid had been removed at monthh 
intervals totalling about 0 L Since the last aspiration, he had developed fever and pro 
nounced dvspnoa Twelve hundred cubic centnneters of shghtlv turbid fluid were removed 
from which hemolytic (Sltipftj/lococ( us autms was cultured 

Iho chest \ rajs at this time were cssentiallj the smu is of October, 1047 (Fig 13), ex 
c(pt foi an increasL in tin si/c rf the lisions m both dust tavities and the ajipeu mce of a 
third lesion xu the eostophicnic angle on the right side above the fluid level 

A right thoraeotoinv was done m \ugust, 104S Tlie two larger areas were extra 
pleural in location and consisted of '*soft fatbkc tumor'^ with minute cvstic spaces A 
frozen section of this w is reported as small cell or round cell carcinoma The lower mass 
consisted of fibrin and extended between the lobes The remaining pleura over the lower 
and middle lobes had the npponranct of a pvogenic membrane and restricted the complete 
examination of tlic lung fJie extrapleural masses wcie resected, the fibrin and exudate 
from tlie pleural space w is removed, and decorticition of the lower and middle lobes was 
done The chest was closed witli intcrtost il drainage 

The tissue submitted for pathologic examination consisted of several portions, the 
largest measuring 8 bv 7 bv 2 0 cm It had a soft consistencv with a grav and tan brown 
cut surface Histologicalh, the tissue was composed of hmphocvte like colls, having verr 
little evfoplasm and a vesicular nucleus Verv little stioma and onlj an occasional germi 
nal center were present (Pig 11) 

Ihc hospital course was prolonged because of the persistence of the pleural space 
infection, and the patient was finalh discharged with a residual pocket of about 90 ec 
in size During the hospitalization, he received roentgen therapv over the right thorax 
following v^hich there was complete disappearance of the lesion m the left chest as well 
The fourth hospital admission was in Kovember, 104S, at winch time the pleural 
pocket was unroofed lemoving a portion of two rib'- Pathologic examination of the thick 
ened parietal pleura did not leveal anv evidence of hinphosarcoma at that time 

In November, 1053, the patient developed diarrhea and blood in the stools, and on 
jiroetoscopio examination an adenocarcinoma was found at tlie 12 cm level on the anterior 
aspect of the rectum An abdominoperineal re^'CCtion was performed bj Dr Pontius and 
was followed bv au uneventful convalescence 

In Febniarv, 1954, the patient had an episode of blood streaked sputum An x rav 
(Fig 15) revealed the rib defects from the open drainage procedure on the right side and 
an ill defined ma^s off the left hilus in the area of the previous mass in the left lung 

Bronchus examination revealed the bleeding source to be in the right lowt-r lobe 
Ihe left side was entirelj normal The pathologic study revealed onh hemorrhagic bron 
dual fluid 

Roentgen tlierapv was again given over the left chest and the last xray, March, 1954 
(Fig 15), demonstrated disappearance of the mass in the left lung Bronchoscopy was 
repeated in March because of tlie persistence of the blood streaked sputum and again con 
firmed the site of the bleeding in the literal basilar bronchus of the right lower Jobe Cell 
block and Papanicolaou examinations were negative for tumor 

The lileediug disappeared after antibiotic therapv and since IMarch, 1054, tliere has 
been no recurrence 
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The patient is alive and veil at tlie present time, thirteen years after tlie lirst known 
evidence of lymphosarcoma, having undergone surgical and roentgen therapy for it, plus a 
cholecystectomy at another hospital and an abdominoperineal resection for adenocarcinoma 
of the rectum in that time. 

Case 9.—December, 1947. The patient (E. H.) was a 43-year-old wliite woman who 
had had pneumonia five months previously and had been treated at another hospital with 


Fis. 12. 
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'intibiotic medicntioii Follow ing tin*., she Imd 'i i>cr«!jsttnt cough, expectorated thick, 
broumsh matorinl, and Imd epmodes of fever She was '^anomic'^ for winch liver intdici 
tioii was given She developed hcmoptvMS and was rehospit ilized wlioro \ nv studies ot 
the chest suggested fluid in the left pleural cavitv She was admitted to St Luke’s Hos 
pitnl m December for broncho'-copic stiidv and evaluation 

Phvsical cxamiimtion revealed changes in the left chest suggestive of fluid and there 
were enlarged Ivinph nodes present in tin right ceivical and right inguinal regions 



Fig H —-Case S Ijiuphocytlc l>mphomn CcHs no minmtuic lymphocjtcs 








THE JOURNAL OF THORACIC SURGERY 

The laboratory data revealed EBC, 3.8 million; WBC, 8,100; and hemoglobin, 11.5 
bacilliserology wore negative, and the sputum was negative for tubercle 


The x-ray studies demonstrated the left pleural cavity to be obliterated except for a 
small area of aerated lung at the apex. 

The bronchoseopic examination revealed a broadened earina and compression of the 
left main bronchus. Stenosis was present at the upper lobe orifice and the mucosa was 
thickened and friable. Biops}' was obtained from this area and the report was questionable 
lymphosarcoma of the bronchial mucosa. 

Fluid was aspirated from the chest and, histologically, showed numerous lymphocytes. 

A biopsy of an inguinal node was done and the histologic report was small-cell 
Ij-mphosarcoma. 

She re-entered the hospital in .July, 1040, because of swelling of the lower extremities. 
Physical examination revealed swelling of both lower extremities, more marked on the 
right, and a recurrence of nodes in the right inguinal area. The patient received x=-ray 
therapy. Chest x-ray revealed no recurrence of fluid or widening of the mediastinum. 

She was readmitted in Dccemijcr, 1040, because of persistence of .swelling in the right 
thigh. At this time, nitrogen mustard was given and improvement in the swelling occurred. 

In February, 1051,'she was readmitted because of back pain and .swelling in the neck. 
Treatment consisted of x-ray therapy to the neck and lumbar spine and there was im¬ 
provement but the cervical nodal enlargement recurred and more x-ray was given in 
kfay, 1051. 

Her last admission was in June, 1051, when she was pretcrminal. Jlustard therapy 
was given but no improvement followed. The patient died in July, 1051, slightly less than 
four years after the onset of the disease. 

Beview of lymph node biopsy revealed a ver}- abnormal cellular pattern. The cells 
were variable in size and shape and scattered eo.sinophils were present. A very occasional, 
large, double nucleated cell was seen .suggesting Stcrnberg-Bccd-cells. Necrosis was not 
apparent. The diagnosis was finally made of early Hodgkin's disease without necrosis or 
fibrosis. 


Cask 10.—^December, 1949. The patient (I. E.) was a 40-year-old white woman who 
had developed pleurisy on the right side six months before and two months previously had 
noticed difficulty in breathing. She had been treated elsewhere and clear or slightly blood- 
tinged fluid had been aspirated from the left che.st several times. 

On physical examination, no enlarged nodes were palpable but dullness to percussion 
and absent breath sounds were the abnormal findings on the left side. 

Laboratory studies revealed negative urine and serology. BBC was 4.1 million; 
WBC, 8,300; and hemoglobin, 12.9 Gm. The ditferential count was lymphocytes (!, mono¬ 
cytes 4, neutrophils 75, basophils 2, eo.sinophils 8, bands 5. The aspirated fluid was nega¬ 
tive to smear and culture. 

Treatment consisted of thoracentesis on two occasions, removing 1,500 c.c. of dear, 
straw-colored fluid and, two weeks later, 2,400 c.c. of light brown fluid. Between these 
two aspirations, a course of nitrogen mu.stard was given. 

Pathologically, the fluid contained numerous lymphocytes and the diagnosis of the 
blocked centrifuged specimen was of marked lymphocytic infdtration of pleural fluid. ; 

The patient re-entered the hospital a year later because of recurrence of fluid and 
1 L. wms again removed. The histologic report again was of marked lymphocytic infiltra¬ 
tion of pleural fluid, and the patient received another course of nitrogen mustard. 

In 1952 following aspiration of recurrent fluid, the patient developed a hemolytic 
Stapliylococmts aureus empyema, which was treated by aspiration and antibiotic therap.v. 
Surgical drainage was not done because of the associated lymphosarcoma and the patient 
wn,s discharged with a residual density in the left lower chest. She received x-ray therapy 
over the left chest (Figs. 10 and li)- 
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In October, 1054, tlie pfttiont was ailmittcd because of ijersistcnt fever and pain. 
Needle aspiration revealed thick pus and thoracotomy drainage was accomplished under 
local anesthesia. 

The thickened parietal pleura M*n.s submitted for histologic examination and revealed 
a dense layer of lymphocytic infiltration on one side of the collagenous tissue with a pyo¬ 
genic layer on the opposite side (Fig. IS). Pathologic diagnosis was l^’mphosarcoma of tlie 
pleura. 

The patient was hospitalized two more tinic.c in 1055 for nitrogen mustard therapy and 
x-ray therapy but she died in February, 1053, live and ono-half years after the onset of 
Iier symptoms. Permission for an autopsy was denied. 


Fiff. 16.—Cape 10. Postthorncentesis x-rays of cJie.st. 

Fig-. 17.—Case 10. Residual empyema pocket, left chest and postthoracotomy film 
spread of lymphoma to right lung. . . 
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Tin I t patient (T. M.) was a C7-year-oId white woman who 

had noHced weakness and slight shortness of breath and had been treated elsewhere for 
heart disease. Because of the increase in her dyspnea, examination and x-rays of the chest 
by another physician suggested fluid in the right pleural cavity. She entered St. Luke's 
Hospital, where the essential physical findings were limited to the right pleural cavity and 
suggested the presence of fluid. The heart was shifted to the left and had a normal .sinus 
rhythm, and the blood pressure was 170/04. The liver was enlarged four fmgorbreadths be¬ 
low the costal margin. 

The laboratorj' studies revealed a normal urine and serology. The BBC was 4.5 
million; WBC, 4,000; and hemoglobin, 13.2 Gni. 

Chest x-rays revealed a density in the right chest, suggesting fluid. Aspiration of the 
chest was done on two occasions, and 2,400 and 1,(500 c.c. of .slightly opalescent, straw- 
colored fluid were obtained. 



pjp ig_Ca.sc 10. Hyalinized connective tissue of pleura with dense infiltration of lymplio- 

■ ‘ sarcoma above. 


The histologic study revealed many lymphocyte.s, and the diagnosis was submitted as 
lymphocytic intiltration of pleural fluid. The second fluid specimen revealed similar lym¬ 
phocytes but to a lesser degree. 

Bronchoscopic examination I'cvcaled minimal increased redne.ss of the mucosa but 
no evidence of bronchial compression or changes of the coryna. The aspirated secretions 
were negative for carcinoma (Papanicolaou and cell Idock .study). 

A thoracotomy was done and 1,500 c.c. of fluid removed. There was slight injection 
of the parietal pleura but no nodular masses were present on the pleura. There were con¬ 
fluent, firm nodes below the right main bronchus extending downward into the pulmonary 
ligament. Two nodes were present above the azygos vein and a walnut-sized mass was 
present above the diaphragm. Several of the nodes and the mass above the diaphragm 
were removed, and on histologic examination were reported as either reticulum-cell lympho¬ 
sarcoma or Hodgkin's disease. 
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ilio patient ^as gnen nitrogen iiinstftrtl after a suitahit period of com ale«ceiicc 
Reodmi^'Sjon uas six: mouths Inter (Time, 1 *>j 4) She had recened \ ra\ thoripj for 
enlarged nodes m ned , axilla, and inguinal area She also had de^ eloped pain in the left 
leg and hip and required a crutch for valKiiig Slit «as given another course of nitrogen 
mustard m June and la October, 1*^4 She died lu rebruarv, IDS'!, at home, and pernns 
Sion for an autopsv was not obtained 

The final reclassification of the node patliologv was Hodgkin's disease 
CASb ]J—-November, 105 J The patient (\ D) was a 'iO jearold white woman who 
had complained of a gradual increase in '-hortness of breath and a nonproductive cough for 
the preceding four months Slit was treated with digitalis and diuretics bv her familv 
doctoi but her complaints increased \ftcr \ rav stii lies re'euled fluid in the right pleural 
cavitv, thoracentesis was done whieli vicldc 1 500 cc of fluid on one occasion and three 
weeks later, J L of sljghtlv blood tinged fluid wa** aspirated The patient had Imd acute 
rheumatic fever ns a child of 13 

The phvsical findings were f'sciitinlh conhneil to the* right chest, where changes in 
(Iicativc of pleural fluid wore elicited 'the heart was normal in rhvthm and rate with a 
blood pressure of J38/S0 A few small nodes were palpable in each axilla 

Tilt laboratorv findings rc\oaItl a JtB( ot 4 u million, \MiC, 10,400, and hemoglobin, 
14 3 Gm rile ditrerential count was Ivmphocvles J4, monocvtcs 3, polvanorphonuclear leii 
koev tes ()0, eosinophils 4, and bands 0 

\ ra^s of the chest revealed obliteration of the lung markings liv fluid 
Approxiinuto^v 1500 cc of amber fluid were removed from tbo right pleural caxitv 
Following aspiration, a fusiform widening of the right si Ic of the mediastinum was seen 
Histologic examination of tic blocked centrifuged speennen revealed mvnads of hinpho 
evtes and the suggestion of tho pathologist was that the patient might have a hniphoma 
Ihrce small noles wore romoxed from tho axilla and were iitgatno histologicallv She 
was given nitrogen mustard for four consecutive dovs and a chest \ rav subsoquenth re 
vealed narrowing of the mediastinum and onlv a small amount of fluid in the p''oiiral caxitv 
She was readmitted five weeks inter complaining of shortness of breath and swelling 
of the ankles Fluid was aspirated from the chest twice, six and twelve davs later 

Iwo liters of fluid was renioxcd which had the same Jiistologic findings Chest x: rav 
revealcl marked mediastinal widening and hvdropncuinofliDrax Following this, roentgen 
tlierapj was gueu 

She w-as readmitted six weeks later with complaints of shortness of breath, anorexia, 
weight loss, and diplopia Ihc chest contained fluid, the liver and spleen were enlarged, 
nodes were present in tho neck and there was a lateral deviation of the right eve The 
right chest was aspirated and 2200 c c of fluid vras obtained Nitrogen mustnrl therapy 
was repeated and the patient was discharged with questionable improvement 

l>eath occurred in April, 1954 at home and permission for autopsv was not obtained 

DISCUSSION 

Amljsm of this group leicaled that the sjinptomatologj was absent, 
minima], oi pioiiounced At least 3 patients li id silent pulmoiiaij slndoivs, 
1 had occasional blood tinged expcctontion, and 2 had oi eiwhelmuig sjmp 
toms of toxemia nith anemia, feiei, scieie cough ivith saiyiiig degices of 
pioductiMty, and niaiked Height loss As Honld he expected, shoitiiess of 
liieath ivas the chief eomplamt of those in the pleiiial fluid gioup The age 
gionp vaued from 24 to 70 jeais hut tlieie Has a definite tendency tonard a 
jonng ago iiieideiiee Tho of the patients, nho neic in the third decade, liad 
Hodgkin’s disease hIucIi has a fendcnca toHaid eaih oeoiinence in life (Gall 
and Malloij’’) 

The sex incidence Has m contiast to that in the collected senes of Beck 
and Regains ® Sei eiitj hi c pei emit of the patients h ei c h omen 
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The roentgenologic changes similarly Avere extremely variable although 
a eirenmseribed density was present in 4 patients. One of the patients vdth 
pleural fluid had tAAm densities Avhich Avere extrapleural on the same side and a 
density in the contralateral lung. Two patients had niassiA^e pulmonary in- 
A’-oh'ement, in 1 of Avhom bronchial occlusion, consolidation, and abscess forma¬ 
tion Avere present. A disseminated nodular disease present in both lungs but 
primarily on the right side Avas seen in 1 patient in this group. This corre¬ 
sponded to the Class II type reported in Robbin’,s roentgenographic study, 
AAdiieh group incidentally comprised oA-er 85 per cent of the reported cases. 

The patients A\dth pleural fluid all exhibited typical fluid shadoAAAs, and in 
1, mediastinal changes subsequently occurred. 

Examples of the A'ai-iations in roentgenologic appearance accompany the 
briefs of the case histories. 

LikeAAuse, the bronchoscopie findings are listed in the abstracted histories. 
For the most part, information obtained Avas limited. One patient Avas bron- 
choseoped four times prior to resection and AAuth biopsy material obtained on 
one of these occasions changes suggesting a Ijunphonia Avere reported. One 
patient in the pleural fluid group had a biopsy of the Avail of the left main 
bronchus, the site of compression at the left upper lobe orifice, and this re¬ 
vealed lymphocytic infiltration of the bronchial mucosa, possibly Ijnnphosar- 
coma. These tAvo instances Avere the onlj’- examples in the series in Avhich diag¬ 
nosis Avas suggested by bronchial material. In the remainder, negative reports 
or instances of var 3 dng degrees of bronchial compression Avere described. 

Of particular interest Avere the pathologic findings. Four patients in the 
resected group had a solitary mass AA^hich Amried from a fcAV centimeters up 
to 8 to 10 cm. in greatest diameter. These AA'ere firm, rubbeiy in consisteiiCA*, 
and had a bulging cut surface varjdng from pinkish-graj'^ to tan-graj’- color. 
The margins in most instances AAmre finelj’’ irregular and AA^hat might be 
described as fuzzAq blending into the surrounding parencliA-ma. The tumor 
mass could not be enucleated from the lung; hoAvever, the masses of tumor 
AAdiieh Avere resected in Case 8 Avere separated from the extrapleural tissues 
by a fairly distinct line of cleavage. This tumor tissue also had a gray and 
tan cut surface. 

One resected specimen contained a large abscess caAdty and almost the 
entire upper lobe Avas involved. Again the cut surfaces had a pink-gray color 
and the pathologist chose the tenn “fish flesh” in describing it. 

The most common histologic tj^e was the Ijmiphocj^tic Ijonphosarcoma. 
^licroscopieallj'', there AAms a diffuse infiltration of small Ijnnphocjdie cells 
AAdthout semblance of normal lymphoid architecture. Sinusoids, trabeculae 
and germinal centers Avere totally'’ lacking but remnants of small lironchi, bron¬ 
chioles, and vessels could be identified. There Avere occasional less differen¬ 
tiated cells AAdiieh appeared as larger cells Avith a more vesicular, less heaAdly 
stained nucleus and occasional nucleolus, Avhich could be interpreted as Ijmipho- 
blasts. 

The solitaiy tumor lesions in 4 patients AA'ere of this type. In one patient 
Avith extrapleural masses and pleural fluid, the tumor pathology in the contra¬ 
lateral lung also Avas of this type and Case 10, a patient AAdth recurring pleural 
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fluid, deinonsfintod the idenlical histologic changes in the thickened scai tis 
sue t\eiscd finm the paiictal pleiiia The pliotoniiciogiaphs in Tigs 11 and 
15 aie of this histologic tjpc 

The histologic pictiiic of the lung lescetcd in Case 5 nas that of a leij 
imnntiue t\pc cell, huge, laiiahlc iii size and shape and m some iiistanees 
haling citoplasmie pioccsscs esleiiding fiom the cells (Fig 7) The iiiieleiis 
contained scant ehiomatin and fieqiioiitlj nucleoli iieic appaiont Considei 
able neeiosis iiith a laiiegatcd assoitment of sestteicd poljmoiphoiiiicleai 
and inononueleai infl niiniatoi j cells iieic also seen 

Although this lias classified as a Ijmphoblastoma, it iioiild he moie in 
keeping histologicalh iiith a elasnmtocitoiiia (Gall and JIalloii’) oi a leticii 
lum cell saicoma (Jackson and Pnikei'"), depending upon the elassificatioii 
folloiied It IS of inteicst that in iicii of the icn nndifteicntiated and im 
matiiio ohaiaetei of the lesion, this patient is still aliic and iicll iiithont eii 
deneo of leeitiience, flip and one half icais folloiving icsection 

The impniti of the icpoited eases in the liteiatine vould seem to fall 
in the hmphoci tie eell tape ludgnig fiom nhat can be learned fioin the photo 
iiiiciognphs and citologic destnptions HoMeiei, the cases lepoited hr 
Maiei,“ Spatt and Giaizel, and Giimes, Woiiich, and Stephens” aie inoic 
siiggestno of hmiiliohlastonn tapes 

Case 1, in uhieh onh paitial icsection uas done, nos histologically the 
most hizaiie and amplastic, lesion of the sciics The sections iieie cvceediiiglv 
pltomoipliic avith odd sized and shaped cells and niimeions niiiltinucleated 
gnnt colls 1 lequcnt mitoses ueic oaidcnt as ucll ns niodoiate poljmoipho 
micleii cells espeeialh eosinophils Necrosis and scntteied fibrillai aieas 
could bo seen Although the fli st diagnosis u as iindiftcrentintod epithelial can 
eei, reaieu of this niatenal lesiiltcd in its classihcation ns Hodgkin’s sat coma 
Figs 3 and 4 mo sections fiom this patient, the Inttoi specimen being fiom the 
aiitopsj eight and one half sems follow iiig thoiacotomj At this time pio 
noiinced dense collagenous tissue was appmciit but still disceimble were islets 
ot bizaiie pleomoiphic cells some of which weie leiy daik staining, indicat 
nig begmiiiiig iieciotie changes The appeal once of the lattei section was i eiy 
sinulai to the long standing chionic “biiiiit out” Hodgkin’s disease The long 
duiation of this patient’s illness is not in keeping with the geneially known 
prognosis of the Hodgkin’s saieoma gioup 

Last the jiathologie featuies of the iileuial fluid gioup weic of inteiest 
in that fvtologie examination of the blocked centiifuged diiid contained 
msiiads of lathei matuie hniphocjtes Slateinl obtained foi histologic 
studj 111 2 of these patients at the time of thoineotomi was histologicalh 
identical with the Ijinphocitic txpe hinphosmeoma dcsciibod pieiioiisly In 
one of these iiatients the pioecdiiie was done to diain an empyema pocket and 
p section of the thickened plenial tissues leiealed a psogeiiic cellulai loaction 
on one siiitace of the dense hxalnnzed tissue and on the othei a xerv dense, 
celliilat lymphosmeomatous iiifiltiatioii (Ihg 18) 

Two patients in tins gioup had Ijmphoeytie mfiltiation into the pleuial 
fluid and had a final diagnosis of Hodgkin’s disease In 1, tlioiaeotomy was 
done and leiealed slightlj enlarged Ijiiiph nodes in the mfeiioi piilmoiian 
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ligament and a single node superior to the azygos vein. Histologically, these 
^^ere consistent with Hodgkin’s disease, demonstrating pleomorphic lelliilar 
aggiegates eosinophilic polymorphonuclear leukocytes, and Sternberg-Eeecl 

TT a'l - T” " thoracotomy, the diagnosis of 

lodgkin s disease was made from inguinal node biopsy. Very interestingly, 

this patient also had the typical lymphosarcoma infiltration which showed in a 
bronehoscopie biopsy. It is difficult to explain this, as the constancy of tlie 
lymphoma lesions is well shown in the figures of Gall and Mallory. About the 
only change occurring in individual cases was in degree of differentiation and 
that in only some 23 per cent. It might be possible to explain the bronchial 
infiltration as a very early stage in which the lymphocytic infiltration was so 
marked as to obscure the other cellular components. 


In 5 patients with parenchymal disoa.se, lobcctom 3 ^ was performed in 3 
and pneumonectomy in 2, accomplishing complete removal of the lesion in all 
5 eases. The hilar lymph nodes removed along with the lobe or lung were all 
negative foi- tumor. One other patient in this group had only partial removal 
of the tumor because of the widespread involvement and was treated with 
x-ra 3 ' and nitrogen mustard therapy (Hodgkin’s sarcoma, Case 1). Of interest 
was the dela 3 ^ in the clearing of the left lung field following irradiation. 

The other patient with partial resection was in the pleural fluid group. 
The surgery consisted of resection of the extrapleural masses in the right 
chest and decortication of the lower lobe for the complicating superimposed 
empyema. After the diagnosis was established, roentgen therap 3 ’' was given 
over the right chest and the lesion in the left lung disappeared. 

The treatment in the pleural fluid group consisted of aspiration, x-ray, 
and nitrogen mustard therapy. In 2 patients, drainage procedures were neees- 
saiy because of complicating pyogenic infections and, in 1, biopsy material was 
obtained to substantiate the diagnosis of lymphoma. One patient had a pe¬ 
ripheral node biopsy made for diagnosis, which was also done in 1 patient in 
the parenchymal group (Case 6). 

The results obtained in this series are summarized in Tables I, II, and 
HI, the latter consisting of the resected cases. Three of the 5 patients with 
total resection are alive, the length of time varying from one and one-third 
years up to five and one-half years. One has been lost to follow-up, and one 
survived three years before dying of cardiac failure. 

Of the 2 eases with partial resection, 1 survived for more than eight years 
and the other is alive more than thirteen years from the date of the first x-ia 3 ^s 
revealing an abnormality, and almost seven years from the time the diagnosis 
was established by surgical exploration and removal of tumor. 

Four of the patients with pleural fluid died in periods ranging from five 
months to five and one-half years. The patient with the shortest survival time 
(Case 12) died away from the hospital and autopsy material was not available. 
This was the only patient in the entire group in whom the only material ob¬ 
tained for the diagnosis was pleural fluid. 
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Tabif III. Rfsuits ot HpsrcrjoK ia Puiiio\aby LvwritoMA 


1 

PATIENT 1 

1 

OITF j 

j msTOLoarc 

1 PIAONOSIN 

1 TRFATMINT 

RESULTS 

U, 

9 45 

I^ft lung 

Hodgkin sarcoma 

Subtotal resection, iiitro 
gea mustard, roentgen 

Head, yr 

suryiyal 

A F 

3 47 

Right lung 

Small cell 
lymphosarcoma 

Right pneunionectonu 

Ve.id, 3IA jr 

surMval 

C S 

1 49 

Loft lung 

Small cell 
hinphosarcoma 

Left upper lobectomy 

Lost to folloyy 
2 yr 

up after 

IV J. 

22 40 

Right lung 

Small cell 

ly nipho'Y-ircoina 

Right upper lobectomy 

Alue 51^ yr 


I W. 

Riglit lung 

Lymphoblastoma 

Right pneumonectomy 

Alue 3% yr. 


0 c. 

22 53 

Loft lung 

Small coll 

ly mplios-ircoma 

I.,cft loner lobectomy 

Alnc li/j yr 


C.D 

1012 

Bit itCTtll 

Small coll 

ly niphosarcoina 

Sulitotil nseetion, nitio 
gen mustard, roentgen 

Alive JS yr 



SUMMARY AND CONCLUSIONS 

Seven cases of pnliiionniy and o of pleUHil lyinphoni.is aie lepoited vith 
.special emphasis diieeted towaid the iiatholngie aspects and comparison of 
these and the clinical features tvith pietionsly icpoited matciial 

Piilmonaij’ leseetion nith complete icmotal of the disease ivas accom- 
lihshcd in 5 patients with snivital in 2 of these lieing over fite and one-half 
yoais and in 1, one and one-third jcais One patient was lost to follow-up 
after two jeais and ] died after three years fioni caidiac failuic. 

Paitial lesection established the diaitnosis in 2 others allowing foi adjunc¬ 
tive therapy and sunival latcs of eight and one-half yeais in 1 and thiitoon 
>eats in the other 

The majoiity of the lesions weic of the lymphocytic-type lymphosaicoma 
and thif gioup of patients was inoie favorable foi lesection as well as having 
the best suivital lates 

The prognosis of the lymphoma gioup as a whole tvonld seem to he more 
favoiahle than that foi pulnionaiy or picuial cnicinoma 


BEFERDNCE.S 

1 Rubin, E H Diseases of the Chest With Kmphaeis on X Eui Diagnosis, riiilaaelpliia, 
„ 1047, VV B Sanmlers Compani 

c Kobbins, L L I?ocntg;eiioioff»caI Appearance of ParencJumal In\o]\eincnt of the 
•} /t II Lj niphoma. Cancer 6. SO, 105J 

o trail, E A, and Mallorj, T B JraliRnant LMnphoma, Clinico Patfio’ojjic Su^\o^ of 
GIS Cases, Am J Path 18-382, 1942 

4 Churdnll, E D Malignant LMnphoma and Pulmonar\ Coecidioulonijcosis; Clinic on 

‘Surgical Lesions of Lung With Consolidation, S Clin I^orth America 27: 1123 1120, 
1947 

5 Spatt, S D, and Gra\zel, D M PrimarN Ljmphosarcoma; Case Report and ReMCw 

of the Literature^ Ann Int hfed 27 632 638, 1047. 

0 Maier, H C Pnmar\ L) mpho'^arcoma of Lung, .T Thoracic SuBO 17 841,2048 

7 Anl^an, A J, Lovmgootl, C G, and ICInssen, K P Primary Lymphosarcoma of the 

Lung, Case, Surgery 27* 550 563, 1050 

8 Beck, W C and Reganis, J C Pnman Lymphoma of the Lung; Revien of Liten 

turo, Report of a Case and Addition of Eight Other Cases, J Thoracic Suio 22 
323, 1051 

0 Weissman, I, and Christie, J M Primary Lymphosarcoma of the Lung; Report ot 
Case, A M A Arch Surg 62. 120 133, 1051. 

10 Sarokhan, J, and hrornson, D A • Primary Lymphosarcoma of the Lung, Ann Surg. 
138 140 143, 1053 




42 


THE JOURNjIH OE THORACIC SURGERY 


York, 1047/oxfid UniylSl.f^^^^^ Disorders, New 


Discussion 

New Y’’ork, N. Y.—I should like to give a follow-up on a 
case of small-cell lymphosarcoma that was referred to, in which the patient was operated 
tL f one-half years ago when a pneumonectomy was performed. The patient at 

a ime was .50 j'ears of age and (slide) had extensive inimlvement of the left lung in- 
c uding the whole upper lobe and a part of the lower lobe by infiltration across an incom¬ 
plete fissure. The lymph node.s were negative. The sub.sequent course was as follows: 

(slide) An x-ray taken three years later showed a lesion in the other lung that re¬ 
sponded readily to small doses of radiation. He remained well until 1051, having had the 
pneumonectomi' in 1944. A small lesion then appeared in the paramediastinal region which, 
as the next slide shows, increased in size. 

(slide) Again with small doses of radiation, the lesion disappeared within a short 

time. 


(slide) This is a recent inspiration and expiration film; you sec there is excellent 
ventilation of the remaining lung which was not interfered with by the relatively small 
doses of irradiation. The patient has no dy.spnea at the age of 01 which I think is largely 
due to the e.xcellent expansibility of the remaining lung. He ha.s been entirely asympto¬ 
matic and, as a matter of fact, did not even have symptoms at the time he showed roentgen 
evidence of recurrence of the di.sease. 

(slide) I show this next case for a different purpose. This patient was operated on 
only three years ago for reticulum-cell lymphosarcoma. When thi.s woman, who was in her 
40 hs, came to u.s, she had x-rays that showed that the mass had almost doubled in .size in 
a three-week period prior to operation. At operation, there was no lymph node involvement 
but just a large mass in the right middle lobe which involved the visceral pleura and had 
a granular appearance. The middle lobe was removed and she was well on a follow-up 
visit last week, three years after operation, in spite of the rapid growth of the neoplasm 
preoperatively. 


DR. BRIAN BLADES, Wa.shington, D. C.—Four cases of primary lymphosarcoma of 
the lung have been seen at the George Washington University Hospital. In these four 
cases there was one unique problem, which is probably worth describing. 

The patient, a 40-year-oId woman, had been using oily nose drops for many years. 
Her case had been used for demonstrations of lipoid granuloma for some time. She had 
bilateral x-ray changes compatible with this disease and fat droplets had been demon¬ 
strated in the sputum. 

The internist in charge of her case had x-rays made at six-month intervals and, after 
a couple of vears, noticed that on the right side the shadow was more opaque and was 
assuming a rounded, solid appearance. All her studies were repeated, but there was no 
clue as to what might be going on. Finally, it was decided to perform an exploratory 
thoracotomy. At that time a lymphosarcoma was found. hTo involved lymph nodes could 
be located in the mediastinum. Under ordinary circumstances, a pneumonectomy would 
have been performed, but there was a serious problem of contralateral disease, which also 
might be lymphosarcoma. We were reluctant, therefore, to remove the lung. Dr. Charles 
Thompson, the internist in charge of the case, made an excellent suggestion that wo block 
off the side known to be involved with lymphosarcoma, with lead sheeting, and give x-ray 
therapy to the unknown or left side. After a test dose of x-ray there was no change in tlio 
left .side, and we therefore proceeded with the pneumonectomy on the right. She is now 
alive and well after more than two years. 


DR ARTHUR H. AUFSES, New York, N. Y.-I think it is important to lemeniber 
that in this disease there are some benign lesions. Had the essayist mentioned the irst 
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4 cfl'ics in the litornlurt I tinnk he Mould lm\e mentioned the 1 about M’hich I am going to 
speak, uliich Mas puhlishtd in tlic Joutml of the Sttini Eospital in 1051 This pa 

tient alfeo had no pulmonnn sMiiptoins 

(slide) In 1047, she Mas found to hn%e n lesion in the lung Mhen she had gastromtes 
tinal x; rii's made because of some ahdoiunml distress Ihe senes Mas negative and the 
lesion Mas investigated Two bronchoscopies vveie negative, and she was operated upon 
A (litTusc lesion Mas found in the upper lobe, infiltrating the middle and lower lobes A 
pncumonectomv mss performed because the pathologist tliought this was a tumor on 
frozen section, although ht could not saj exacth what hind of neoplasm 

(slide) Here is a tomogram showing this mass, this was not atelectasis, this was 
tuinoi extending into the upper lobe Our pathologist felt that this was what ho would 
have to call a benign Ivmphomn, it v%ns compo‘«ed of a mass of mature Ijmphocxtes which 
Jiad replaced the pulmonarv parcnchvina and winch hod not invaded the bronchi or the 
arterial system fhere were no mitoses He could not call this Ivmphosareomn as such 
We decided not to give anv further therapv to tins patient She is alive and well eight 
vear^ after operation 

DR JOHN V HIGGTInSON, Portbnid, Ore—It is of interest to me that the authors 
found that bronchoscopv was of little diagnostic aid in these cases Jfv own experience 
has been verv limited In the Journal of Thoracic Suiffery ioi December, 1950, Dr Grisnier 
and I reported an instance of obstructing mtrabionclnal Hodgkin’s disease diagnosed b> 
bronchoscopic biopsv Bv wav of follow up report it imgJit bo interesting for the aiidi 
cnco to know that this patient died Afa) 31, 1051, of the disease There was no autops} 
This was two months short of four vears following diagnosis and \ rav thernpj He hod 
been last seen with a negative broiichO'*copv on lulv 1*5, 1050, twelve months following the 
original diagnostic lironchoacopj 

DR JOHN L POOL New 'Vork, N "i —^Ihere arc two points to winch I should like 
to call attention The first concerns diagnosis We arc ill sure in our minds in this group, 
certamlv, that anv intiathoracic shadovv, the nature of winch is not clear, deserves cliag 
nosis bv histologic methods 

(slide) I would like to point out that in these shadows in tlie chest one should also 
consider the fact that a supraclavicular Ivnipli node, even though not palpable, maj furnish 
the diagnosis I raise that cpiostion because of a second point, which is the question of 
pnmarv treatment for Ivniphoma disease of the lung when diagnosis has been established 
If there is no diagnosis possible bv extrathoraeic biopsy and intrathoracic biopsy 
IS undertaken, it is mv feeling that n niinimal dissection of lung tissue is in order, 
because from the therapeutic point of view, radiation therapv is the treatment 
of pnmarv choice lor instance, in a woman of 31 vears of age, cliest raj showed a 
fi cm spherical shadow in the anterior segment of the right upper lobe A supraclavicular 
node Mas biopsied and showed Hodgkin’s disease Radiation tlierapj was emploved to the 
neck and the localized pulmonarj slndow and this slide shows the situation three joars 
later with minimal scarring in that area, because radiation was kept to the local area But, 
as also illustrated bv other cases todaj, a new area appeared in the other lung which also 
disappeared under ladiation therapv as the final slide shows lou see minimal scarring 
in both lungs and lioth areas are clear two vears later The conclusion is that intrathoracic 
surgerv for the hmphomalous diseases is for diagnosis and that therapv by radiation 
methods is best 

DR GEORGr "VV B ‘^TARBF\, Boston, Jlass—I would like to commend the authors 
for their interesting paper and brioflv add 7 cases of intrapulmonarv Umphomas which we 
(Starkev, Stneder, Lvnch) gathered together recenth I agree with the authors that often 
supraclavicular node, pleural fluid, anl bronehoscopic biops\ maj fail to make the proper 
diagnosis and so thoracotomv should be done This was necessary in our 7 cases 

Bnefi), we had 4 cases of sranR cell lymphosarcoma Two of these patients merelv 
had biopsies and died about nine and ten months, respcctiveh, after^blobsv The other 2 
had resections, 1 being alive and well four vears postoperativciv ’’ ’ive and 
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well seven years later. The fifth had a reticnlum-cell sarcoma, had a pulmonary biopsv 
and V as treated with nitrogen mustard, and is alive and well six and one-half years la^teV. 
The sixth and seventh patients had Hodgkin's disease. One had a right upper lobectomv 
plus nitrogen mustard and x-ray and continues to do well after two years. The last patient 
merely had a lung biopsy and was treated with nitrogen mustard and x-rav and is also well 
more than two vears later. 


DR. JOHiS' M. SNYDER, Bethlehem, Pa.—I would like to add one more case which 
presented several interesting points. The patient, a 35-year-old woman, the mother of three 
children, presented herself in March, 1952, because of hemoptysis and upper retrosternal 
pain of one and one-half months’ duration. Physical examination rvas negative, and x-ray 
of the chest showed a left upper hilar mass which in lateral view appeared slightly anterior 
and superior to the hilum. Bronchoscopy was grossly negative, but washings of the upper 
lobe bronchus were reported as showing small collections of cells resembling lymphocvtes, 
variable in size and hyperplastic in appearance,..suggesting the mass to be a lymphoma in 
the lung. 

At exploration, the mass was found to be primarily in the upper lobe, and later patho¬ 
logic examination showed it to arise in one of the primary apical divd.sions of the left upper 
lobe bronchus leading directly into the area. At the operating table what was considered 
to be a direct extension into the mediastinum involved the apex of the pericardium at the 
anterior base of the aorta, and after resection of this part of the pericardium, the mass 
was found also to involve the left lateral wall of the superior vena cava. The lateral wall 
was resected for about 1% inches, and since a frozen section at the time from a single 
contiguous mass was misinterpreted as a carcinoma, a left pneumonectomy was performed. 
No superior vena caval compression syndrome resulted as quite an adequate amount of 
vein had been left. Fixed section examination of the lung mass, approximately 5 by 4 by 3 
cm. in size, showed it to be a Hodgkin’s granuloma. The mediastinal extension on cut 
section showed several matted node.s. The edges of the pericardium and superior vena 
cava removed with the mass were microscopically tumor free. 

The patient received 2,500 r of x-ray therapy postoperatively, and as the x-ray shows 
is alive and •well without evidence of recurrence or metastasis three years later. 


DR. ROBERT J. JENSIK (Closing).—I would like to thank the discussers for their 
remarks, and for the addition of the cases they have seen. I am interested in what Dr. 
Maier said about the result in his patient. A lot can be learned by comparing end results 
with the histologic types of lymphomas, although there is no absolute correlation seen. In 
one of our cases the picture was that of a very immature lymphocytic lymphoma, and the 
survival was more than five and one-half years which is an exception. Our first case was 
Hodgkin’s sarcoma and the survival of more than eight and one-half years was not in 
keeping with the prognosis in Hodgkin’s sarcoma. So that all we can do is offer generali¬ 
ties which will bear support as additional material is collected. 

With regard to Dr. Aufses’ reference, we did not quote that, but I would like to say 
that making the diagnosis of benign lymphoma should be done with the fingers crossed. 
Several of the patients in our series had a histologic picture of very mature lymphocytes 
in keeping with the picture of mature lymphoid tissue. One patient of this group had 
disseminated lesions to the lymph nodes of the neck, inguinal region, and opposite lung at 
the time of death. 

With regard to Dr. Pool’s remarks, we always examine for peripheral nodes, becau.se 
the demonstration of tumor in these in many cases precludes resection of the chest lesion. 
In none of the patients of this group in whom complete removal of the tumor was accom¬ 
plished was peripheral lymph node involvement found. Furthermore, the hilar lymph nodes 
were free of any changes suggestive of lymphoma. 



PHOSTIIKSIS FOU.OWIN(} BXCISION OP CHEST WALL TUJIORS 
Bert H. Cotton, M.O., Oi;okge A. Paulsen, M.H. (by invitation), and 
Jack Dykes, M.D. (by invitation) 

Los Angeles, Calie. 

S URCrICAL management of 20 imtients with ehost wall tumors is reviewed. 

Criteria for chest wall prostlicsi.s arc proposed and critical areas in which 
replacement problems may be eiicotintcrcd arc discussed. Stainless steel ribs 
or struts with fine malleable steel me.sh proved to be the prosthesis of choice. 
Present results with this method are encouraging. 

Ideal surgical treatment of che.st wall tumor must accomplish two objec¬ 
tives; adequate e-vcision, and return of the physiologj’ as nearly as possible to 
normal. For CO years surgeons have .sucee.ssfully removed large segments of 
the chest wall. For an equal period of time, they have been less successful in 
re.storing normal chest wall function. The obstacles encountered are, flr.st, 
the wide deforming defect; and second, the seriously altered pulmonary 
physiology. 

A wide variety of iirostheses, or none at all, will prove adequate for small 
defects of the chest wall. Ifeuco the critical test of any reconstructive method 
is its adaptability to large defects. If successful prosthesis is to be achieved 
in such instances, the folloiving criteria must be fulfilled; The un.sightly de¬ 
formity must be eliminated. A chest wall must be provided which is strong 
enough to resist blows that might injure underlying structures. This che.st 
wall must be sufficiently rigid to prevent parado.vioal motion and impaired 
cough mechanism and to support overlying heavy bone and muscle structures, 
particularly the weight of the -scapula; yet it must be flexible enough to allow 
physiologic chest wall movements to institute proper alveolar gaseous ex¬ 
change. Pain .should not exceed usual expectations. Minimal bacterial con¬ 
tamination at operation is, of course, a requirement. 

EVOLUTION OF CHEST WALL PROSTHESIS 
Radical resection of chest wall tumors was recorded early in the literature. 
Even before 1894,' wide block re.scction of the chest wall with segments of the 
involved lung had been successfully performed. Altliough some authors''" con¬ 
sidered that repair of the defects was not essential, most surgeons have at¬ 
tempted reconstnietion since 1894 when Volger' suggested the use of osteo¬ 
periosteal flaps.® '"’" The first materials employed for this purpose consisted 
of adjacent ti.ssuc^—periosteum, mu-scle,”’" thoracic and abdominal soft tissue 
flaps, including the female breast,"'"' with skin grafting if necessary. Success¬ 
ful results with fascia lata grafts in large sheets or woven strips have been re- 

Reail at the Thirty-Ofth Annual Xleeting: of The American Association foruJIioracic .Sur- 
eeo- at Atlantic City. N. J.. April 24 to 2C. 1955. ''TS 
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^ ■, .. Avail defects Avas accomplished by means of 

adjacent ribs eitber split or divided in such a Avay that they conld be pulled 

n ovei he defect. Tibial grafts/** or rib and cartilage in strut or diced 
torn Avere employed also. 


In 1909/0 metallic prosthesis Avas proposed. Tantalum plates^-1'- 
Avere the first metallic replacements used in the chest but Avere largely unsuc- 
eessfuP" 22-2' because of complicating hemorrhages and infections. Eegardless 
of the substance used and eA'en in the absence of tissue reaction, it appears un¬ 
likely that a fixed plate could become an integral part of the supporting tis¬ 
sues of the chest Avail. A smooth plate resists intimacy Avith surrounding tissue. 
When the involved structures are subject to constant changes in stress the 
possibility of union is sUll more remote.-’^--“s Tantalum mesh has been 
used Avith success to repair chest Avail defects as Avell as in other parts of the 
body.**- 2«-***^ In a recently reported series of cases,hoAvever, a change from 
this material to stainless steel Avire Avas made after late fragmentation of the 
tantalum mesh occurred. Oiving to excessive tension, 2 patients sustained 
local skin necrosis Avhich produced separation of the Avound doAAUi to the mesh. 
The necrotic area healed by granulation without sinus formation. 


authors’ series 

Statistical data concerning the 20 cases comprising the iiresent series are 
summarized in Table I. Three patients Aidth benign tumors are alive and Avell 
an average of 3 years and 6 months after operation. Of 10 patients Avith 


Table II. Chest AVall Tumors 



( ALIA'E 

[ DEAD 

NO. cases 

1 average years of 

1 SURVIA’AL • 

NO. CASES 

AVERAGE YEARS OF 
SURVWAL 

Benign 

3 

3.6 

0 


Malignant 

0 

3.3 

5 

1.7 

Metastatic 

3 

4.4 

4 

1.1 


primary malignant tumors of the chest Avail, 5 are alh’^e an aAmrage of 3 years 
and 3 months after operation Avhile 5 died an aAmrage of 1 year and 7 months 
postoperatively. Metastatic extensions of breast carcinoma Avere present in 3 
patients, all of Avhom are Avell an average of 4 years and 4 months after sur¬ 
gery. Four patients AAoth metastatic extensions of lung tumors died an average 
of 13 months postoperath^ely. There Avere no deaths 6 months after opera¬ 
tion in this series. 

Table III. Type Prosthesis 

Tantalum plate 1 case 

Steel mesli 13 cases 

Steel mesh with steel rib G cases 


Insofar as possible, excision and prosthesis for chest Aimll tumor should be 
considered separatelj'^; othei-Avise, a compromise resection of the tumor may 
result. 



COfTON* 


J'T U/.' WM.t 


V\ 

M<osTnr>is 

/,-c.rcfio.,.-Ad«i«Mc .osed5..n 

■solved lib 01 libs bcyorol the Itimor. hi- 

sciies this innigiii ,, ;, i„,„,s into the hiiolved imno. 

tranicdidlaiy eMension may oeeu, a < 'j; j,. ,v.stu«t 

ruitljOJJTJOic, iiiicrosliOpie Jiothik*- of tlo inirnmmnn Tho 

polios,cum and .eeunonee in the lib stumps luis , 

;„a,.dn should inelude iuteieostal ni«M-U-s above and bclon, > I'' 
esecuted nith minimal dauKce of t.nnseetinn Unnm nodttles hi "b b 

meats oC adjnoen, lihs. «nde,lyin« pn.ietnl plenui Mitb l««c f 

and uninodiL oseilyins skeletal mnsde «itb skin, >f 

tjpe of loseetion is a niiniinuni fill iiialiKiiiiiil Illinois thus i 

m.ij he included as indie.iled. 

Piodhfds-An .uhiti.uv iudieatiim for piosthesis is liie remoin! of tun 
or moic lone ill. se,:meuts He-establishmonl of ehesl imnlininly should 1 lien 
ho aUenuiled hi ncemdance \sUli the previously meutionetl eriteiiii. ^ Imee 
aieas e\is( in nlnch it is inosf diflleuU to necomplish effeetive stnbili/utlim. 
The fust ciitical aieii is the aiileiior ehest wall ulieie lark of oiorlyinp suit 
tissue and wide iutcispaees present a pinhleni. Second, lesections fvtciisiio 
enough to luuleuuiue the suppoUs of the scapula necessitate a replncciiiciit 
that uiU suppeut the Ueasy stiuetuios of (he haek. Third, it the evrision (■%> 
tends thtnugh the lowei mteieostid uuuKius, a sulistitute imist be ouvisioned 
to mauitiuii suppoU (or the hiucr bonier of the dust wall, pull of the dia- 
phiagui and the lisci oi stom.wh. 

Our cspciicuee hegaii in 1948 uith an oper.dion for a retirulum-eell ear- 
cuioraa of the stenium A longitudinal ineislon was imulo oicr the loner 
hflcdc! of the chest and a skin flap disseitcd upnnid so that the line of ill¬ 
usion uould not he oiei the inostliesis Tlie snigicni eseislon reiinired le- 
moial of a poition of the niamibiinin, the entire gladiolus, ripluiid ]iioeess, and 
segiacnts of the caitilnginous libs on Iioth sides of tlie sternum. A large 
tanfahnn plate \\a' fitted to the defeet and sutured in iilare nilli taiitnlmii 
satnres The pUte piesionsly luul been diiiled with many peifointing holes 
’"'‘^boied hy tissue giouth.' Ihitraiiee into the 
offo-tu ’f dnuug tlie pioeedme. Tlie pueiimothnrax was 

tivc lesaiits ',?!!” postopeiativclj hy an iiitiapleuinl eatheter. rostopcin- 
and thT ’vo™i a " 11 ™"' '*'>»' Pbde became Ihmh- lived 

the steu'uim, picse.urreUat‘Sv.?n!m!^V*’?^^^^ 


Booaiiso of favoiahlo icpoits in th7lUeiatnirand''' 1 ''' heavy, 

stainless steel vutme mateiial over tantihmi iJ ^ f'”' "'ni evjieiienee witli 
n, suhscuent eases On dune 
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Fi& 1. 




Fig 2. 


Close scrutiny slious holes bored 


Fig. 1 —J F Tantalum plate i eplacing sternum 

"feoperatn°e\"^^^^^^^^ on right posterolateral chest .Inch has 

Dded right fifth nb and portions of the fourth and six i 


Fig- i — 1> B Literal \ic\\ showing «iunken right chest will due to scapula eight on 
steel mesh imdcquatt for supporting shoulder weight 

Fig 5—h Interior \iew showing fixed right scapula Shoulder weight too great 
for unsupported mesh Anteriorlj with no weight to buckled prosthesis shows no deformitj 
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cinplojed following a light imcuinoncctomv foi adenocaicinoma A block 
lesection of the postenoi chest -wall was nccessaij to lomoic the lung Seg 
ments of the sixth, seienth, and eighth iibs weie exeised A single sheet of 
No 46 mesh was used successfully This iiiateiial was latei eniploxed on sei- 
eial occasions and appealed to pioxide adequate leinfoicement of the chest 
wall 

On Jlaich 5, 1951, we fiist expeiicnced dilificultj with stainless steel mesh 
following a laige block lesection of the antcuoi chest wall which included the 
second, thud, and fouith iibs The suppoit pioied too weak to foini a ngid 
leplaeement foi such a laige defect Limited paiadoxioal motion occuiied 
with depicssion of the leplaocinent tow aid the lung, causing the edges of the 
oveilapping mesh to oxeit some picssuie on the skin The icsult was adequate 
hut not ideal E\cn todax the aica demonstiatcs niohilitx xvhen the patient 
coughs 

In oulei to lend added stiengtli to the piosthesis, we adopted a heaxj- 
w eight stainless steel SCI cell wile No 20 in subsequent cases This i ognlation 
soieen wire pioied veij sntisfactoij foi seieial laige anteiioi defects and 
piohably would haie sened as well as the tantalum plate in lesoctions of the 
steimim In the lemainmg two ciitical aicas howciei, it was unsatisfacton 
Following an excision block including the infcuoi costal maigin the screen 
wire was molded to the euixe of the iibs whcie it was siitiiied because of its 
spiinglike fendencj The suUucs bioke xsheieupon the unanehoicd edge 
sprang out causing so niiieli ptessine pain and skin defoimitx that its lemoial 
was necessaiv The hoaij weight seiocn wiie has no lesihenoe It fiiitlici 
pioied nnsatisfactoiy foi the eutical snbscapulai aiea wheie a laige sheet 
was used following an extensile chest wall dissection of the entiie second 
third, fourth, fifth, and sixth iibs with the katcial half of the seienth which 
iindci mined the siippoit of the scapula and hcaiy back muscles Despite the 
lieaiiness of the mesh No 20 and the outward aich which added to its stiength, 
the posteiioi poition hiickled and allowed the scapula to he displaced inw aid 
causing a seiere posteuoi defoinutj Another disadiantage of the lienvi 
mesh snppoit is its size and weight, in this lospect it is similai to tantalum 
])lates, a slow lesisting intimacy of the sniioiuiding tissue Thus iinmediatc 
postopeiatiie infection will alwajs leqniie lemoial of the piosthesis No 
such problem was encoiiiiteied in lepoitcd cases in wbicli fine mesh was em 
ployed 

Our next attempt to design a satisfacton piosthesis coiiceined a iceui 
rent chondioiiia weighing 22 pounds which occupied the entire lowei half of 
the left chest and necessitated remoial of the sixth, seienth, eighth, ninth 
tenth and eleienth iihs, left lowei lobe spleen, left diaplnagni, and the 
gieatei poition of the lumbai mnselcs A special piosthesis was made fiom 
heavy stainless steel mesh with siippoiting stainless steel iibs Unfoitiinateli, 
this did not fit the defect pcifeeth and was cxticmcly awkwaid to lefashion 
at the opeiating table Because of cxlciisii c skin flaps heaij weight of pi os 
thesis, and tension of the siiluicline, nceiosis oceinied, iincovciing the mesh 
AVidespiead infection requiied icmoial of the piosthesis 
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The picsont jiiethod, ci oh eel from our expoiienee iMth chest wall replace 
ments, consists of stainless steel iib stmts, about one foi eieiy tuo nbs re- 
moiecl, placed shategically o\ei the defect and anelioied to the postenoi and 
anteiioi poitions ot the iibs A peipcndiculai cioss stmt iiiaj be used to 
pioMde additional stiengtli Tins sc.iftold will pcifoiin the iveight} duties of 
the thoia\ A fine iiiallcnblc mesh placed oiei oi undei the fianie of the stmt 
acts as matiix and lattice foi tissue giowth and peifoims the less stieniioiis 
task of lesisting intiapleuial picssuie changes &uch a pattern allows the 
sill genii eonsidoiable leeway ±oi coiistiuctioii at the tunc of opeiatioii owing to 
the miions lengths of oithopedie bone plates aiailable as stmts and the mal 
leahilit} of the fine steel mesh which is intcgiated into the tissue lapidl} with 
no prtssiiie points AVe liaic eiieouiiteiod no complications with this t}pe of 
piosthesis and postopciatne icsults ha\c been satisfaetoi} As compaied with 
pieiioiis fethniqucs we feel oiii picsent method moie fully meets the enteiia 
foi a siietcssful piosfliesis It iiioic nearh duplicates the noiinal anatoms of 
the chest wall and pio\ides a bcttci plnsiologic functional chest with ade 
qiiate mobility but with suffioient iigidit} foi siippoit B} clinical application 
we ha\e established that this t}po of piosthesis will meet the demand foi 
scapula posteiioil}, will eftectnoh stabili/o the chest nntenoil}, and will 
substitute foi a low ei costal boidci, that is, it selves satisfaetoiil} in the tliiec 
oiitioal aiea'' piciiousl} defined It iiiav be used effcetnel} to stabilize the 
lower costal edge aftei leseotions of the lower chest extending thiough the in 
feiioi costal boidei to the abdominal muscle wall If the attachment of the dia 
phiagm must bo dissected, it max be leattached thiough the soicen to the 
undei lying muscle oi skin tissue adjacent to one of the siippoitiiig steel stmts 
Diaphragmatic action thus is not lost The piosthesis tlieiefoie meets the 
eiitical tost of adaptabilitj to laige chest wall defects, including those in which 
stabilization is most difficult to accomplish b} othei methods 

COXIPITCITIONS 

The complication encounteicd in this senes was infection, occniiing in 2 
patients both of whom had piosthcscs made of hea\} mesh In one of these 
patients the skin iieciosed at the incision line owing to extensile skin flaps 
and tension of sutuio line Heax} piosthesis xias coiisideied the cause Con 
tiaiy to icpoitcd obseixation in patients in xvhom fine mesh was employed, * 
a widespiead infection xvas cncoiinteicd as soon as the scieen became xisiblc 
This Ilia} be ielated to the lessei facilitx wnth which the heax} seieen wiie is 
incoiporated in the tissues The second iiistance of infection oceuiicd aftci 
an extcnsixo chest resection including ribs tour, fixe, six, sexen, eight, nine, and 
ten, aecoiiipanx iiig a lowei lobcctoiii} A teiiipoiaiy bionchopleural fistula 
was the oiigni of infection In both cases it was necessai}' to icmoxe the 
piosthesis in oidei to eontiol the infection and then to make a fiesh stait to 
waid eliminating the defect 

SIJMXIAKY 

1 The lesiilts of excision and piosthesis in 20 cases of chest wall tumor 
aio piesented 
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pi'osthesis are suggested and critical areas which may 
piove diincult to manage satisfactorily are pointed out. 

3. A new type of prosthesis is proposed which appears to fulfill essential 
criteria. The replacement, consisting of stainless steel ribs with fine malleable 
steel mesh, proved satisfactory in critical areas in the patients to whom it was 
applied. 

4. The final test of a prosthesis is its adaptability to large defects. A 
variety of replacements or none at all will be sati.sfaetory for smaller defects. 

Tlio autliors wish to c.xpre.ss tlipir thank.s and appreciation to Mr.s. Helen Gindy, Librarian 
of tlie Huntington Memorial Hospital, Pasadena, Calif. 
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Discussion 

DB. KALPH A. DETER LING, Jr., New York, N. V.—I ha^e been interested in chest 
\\all replacement, for be^eral 'cars because of tlio occasional patient nitli rosphatoiy ob¬ 
struction from pressure Iiy an aortic aneurysm. Wc iisuallj ^‘floated” the manubrium bj 
resecting tlie adjacent attachments but did work on Liicite replacements in the Jaborator\. 
This could be molded to shape with heat, and it was ivell tolerated in dogs. 

Wc ha\c also used a taffeta fabric of s.\nthctic material in patients to fi 1 defects of 
tho chest wall. It is easily cut to shape and, if sewn under some tension, the patch renders 
support. TJie ingrowth of fibroblasts -.oon stiffens the material Should contour be desired, 
one can use the twelfth rib of the patient or honiografts from the bone bank. I think the 
results mentioned by the authors arc commendable, and jirosent these other methods onl' 
to show additional ways in which defects of the chest wall may bo handled. 
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In the 19 eases of tliymie tumor which are presented, 16 proved to be malig¬ 
nant. The diagnosis of thymic neoplasm was established in every case by ex¬ 
cision of the tumor or adequate tissue biopsy. The faetoi’ of malignancy was 
deteimined on the basis of the gross characteristics and the histopathologic 
features of the neoplasm. The criteria of malignancj^ in this series may be 
stated simply; (1) direct extension through the capsule into adjacent tissue, 
(2 intrathoracic implantation, (3) recurrence, and (4) distant mctaslases. 


Table n. Malignant Peatores in 16 Thymic Tuitors 


criteria 

1 NO. OF CA.S'ES 

1. Direct extension 

10 

2. Pleural implantation 

4 

3. Eeeurrence 

1 

4. Distant metastases 

1 

TOTAL 

16 


By way of explanation, the listing in Table II is based on the single out¬ 
standing feature in each ease (actually the majority presented more than one). 
The patient with implantation of a pleural space and secondary effusion has 
by necessity direct extension of the neopla.sm through the capsule and adja¬ 
cent pleura. Our tabulation docs not describe the curious factor of localization 
presented by malignant thymic tumors. Only one patient demonstrated a distant 
metastasis (Case 16, K. Y.); a submaxillary lymphatic metastasis appeared sev¬ 
eral months prior to death. It is also of intemst that 2 patients (Case 2, G. II.), 
and Case 4, F. L.) were operated upon for small encapsulated tumors that wei’e 
considered benign in everj- respect. After apparently successful surgery, both 
patients demonstrated extensive implantation 3 years after operation (neither 
had received radiation therapy after surgery) (Fig. 1). 

In this series, the resected neoplasms were for the most part not large, 

- 12 cm. being the greatest diameter encountered. Grossly, the tumors often ap- 
^ peared to be encapsulated by the contiguous mediastinal tissues and anterior 
■pleura removed with them. The cut surfaces were not in any way distinctive 
. for any cell type and a wide variety of configurations were seen. Two of the 
neoplasms were ej^stic; one (Case 2, G. H.) so completely so that only small 
cell nests could be seen beneath a partially calcified capsule, and at that time, 
a definite histopathologic classification was not possible. This patient returned 
3 years later with local and intrapericardial metastases. The solid tumors had 
vai'ied homogeneous, granular, or bosselated suriaces. They were relatively 
firm and ranged in color from white through various shades of yellow and tan 
to a salmon pink. 

In addition to those features previously mentioned, the neoplasms possessed 
certain histologic featui’es in common. Many of the tumors demon.strated a 
marked tendency to incorporate within their confines the .surrounding fatty 
tissue and to show evidence of .subendothelial bulging of the wall in small veins 
of the immediately adjacent tissue (Fig. 2). The significance of this latter 
is not completely understood unless it bears the same connotation as is lound 
in such neoplasms as the encapsulated augio-invasive carcinoma of the thyroid. 
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It obviously must represent some meelianism of fartlier growth and spread of 
the neoplasm; however, gross intravascular extension is not a feature of these 
tumors. Apart from the cystic neoplasms encountered and the Hodgkins sub¬ 
group to be discussed, necrosis was not a feature of these tumors. The stromal 
arrangements were quite similar in most respects; broad bands of collagen 
tended to subdivide the neoplasms into smaller lobules. For tlie most part, 
this connective tissue was rather dense; but in 2 cases, focal areas showed what 
we have designated as stromal hyperplasia. Small spindle cells were greatly 
increased in numlier in the interstices of the 2 neoplasms and at times appeared 
to invade the adjacent tumor tissue proper and to form small whorls. Lowen- 
haupt- has considered these cells to be a form of epithelial proliferation, but 
we are more inclined to look upon them as abnormalities of the stroma. With 



B. 


Fig. 2.—Microscopic evidence of aggressive nature of the tumor.s. 

A (Case 10; O.R.) Photomicrograph showing invasion of fatty tissue by Hodgkin's 
varietvl (Hematoxylin and eosin X2S5 ; reduced (ft.) 

B (Case 13- WL.) Photomicrograph demonstrating subendothelial bulging by lympho¬ 
cytes in mtrlinal' condensation of fibrous tissue (capsule) of neoplasm. (Hematoxylin and 
eosin X80; reduced Vo-) 


phosphotungstie acid—hematoxylin stains, the individual cells possessed fine 
fibrils, compatible with those of fibroblasts, and in the maturing areas, deposi¬ 
tion of collagen was a constant feature as demonstrated bi' the iilassoiFs pol.v- 
chrome stain. This stromal hyperplasia can be very confusing. We recently 
encountered a case in which stromal hvperplasia ivas so marked that fibro- 
sarcomatous change was suggested. The lesions in general showed a great deal 
of mitotic activity scattered throughout the parenchyma. 
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A classification ol the histoinihnlo(r,< 
of tlnmie neoplasms has intnguul pathuhxnstsT 
qE JIargolis'* offets an example ot thi (lifficutti"* 
fieation Loncuhaupt" has been the most ‘J ^ 

nnoUecl table ot nomenelatine Sctbohl 
find hot classification iiiteicstmg, bnt of 

neoplasms aie conccinefl 'We do belicie, hoetvoi'^*^1'' '''' < r '*"^ 

definite in classification and not be limitul 

aie eitlioi picdomiiiaiith hmplioestic 01 tnulommmm^ thin tin, i' 

Mitli the gcnoial statcinents that ncophisins are \ei\ d'ffk")'*' 
tliej shots a teUictanoo to picscnt flitmscltcs as pure foinis'”^ 
compaitinented The pioblcm ot being able to distinginst'"'''' A' i"* 
mgn and malignant tlitmoma on a liistopathoIogK bisw is 'lie 1 

the abilitt to bo aggiessito icgardlcss of the classification giouplj' all 
tte hate considered them all as of malignant potential ami bclu^, ti'*'"*'""'eini''^ 
thymoma should be the term ntilizcd ioi gcneial classification ”''‘l>'/i<n„J 
We hate dnided the malignant tlivmomas into 2 snbgj^ 
IjTiipboinatoiis ttpe, and (2) the caicinomatons ttpe In so dm,'’, 1^1 iht> 
been content to accept the tbcoiics that the tlitmuh is an endoiionm,^" 
tite basieallt possessing a snppoiting liamcttoih of epithelial ‘^'tn , 

become lathei reticuhu in appeaiancc The Ijniphoettie component tp""'' 'as, 
secondarj infiltration oE the oigan and the small lound colls are trnl, 
ettes '"'I'ho 

1 Lymphonuiious Type —-Nine of the cases liate been tlassihcd 
Ijunpliomatous subditision, that ttas fiutliei subditidcd into the Itmplio, 
and the Hodgkin s tt pe In 6 of the cases, the cellnlat component cnconnjp 
nas almost eompleteh Itmphoettie {Ftg 3 Wedonofxai that the ncop/a 
ttcre eorapleteh Itmiphoc}tic, as one mat ciicoimlcr in the bachgionni; 
occasional icticulai cell, small prolifciatnc ceil nesh icscrabbng epithelial e„i?" 
to bo dcsciibcd latci, oceui along the blood tesseJs We bate not been disfi„t 
bj tbon piesence as tbej icprespnt a me component but me 
them as thet constantlj indicate that tlic tin i>nis 11 as the soutee of the Pcop/g^ ^ 
The second snbditision of the Itinphoinitous gioiip co‘"'Passe, 3 p„ 
catalogued as malignant tlitmoma IJodglms ft pc {Fi " "Hr eaij,^' 

oxpeiience tie can iccall ceitain neoj’fe™® ^‘'tal in tliai , ‘ 

appaienth limited to the aiitciioi »«l«sb«al siii;ci^,,f 0 co 


as a localized foim of Hodgkin ■ 
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A. B. 

Pig. 3.— (Case 7; NG) Lymphocytic variant. A, Gross tumor is predominantly cystic 
with necrotic wall The viable homogeneous poition is at inferior pole B, Photomicrograph 
showing tumoi composed predominantly of small lymphocytes Rare abortive Hassall's cor¬ 
puscles included to shou their presence. (Hematoxylin and eosin X210; reduced ) 



cut surlacl‘~R? Photoni°.ogkph°dfmonttu?tmg'pleOTioi''ph?c®?jto“o^^^^^ 

Sternbeig-Reed cells Note bizarre Hassall's coipuscle m lower portion of field. (Hematoxylin 
and eosin XIGO, reduced 16.) 
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examples oi the disordei limited to the tliMiuis All ot the picscnt 3 cases show 
histologic fcatmos in comiiioii Clmiaetciisticalle, the tiimois are made up 
of conglomerate foci tlial .ippeai to be pissing thioiigli certain histologic 
changes The earliest tcatuies seemed to be the lormation of cellular aggregates 
siirioiindcd In small hmphoettes These ccllulai aggregates superliciallt re 
sembicd germinal centers, but arc cliaiacteiizcd In a maihedh poljmoiphoiis 
crtologj Cells wrtli sparse ectoplasm and iiicgulaih oval or lobnlated iiiicloi, 
and at times prominent nucleoli, are common In addition, miiltinueleated giant 
cells witii more abuiidaiit grav ectoplasm and ccsieulai nuclei, iiidistinguisliable 
from Sternberg Reed colls, cccic found Thee show an ahsotiee ot airc staining 
properties of their ectoplasm be the pcnodic acid Schiff method Latei, central 
necrosis appaientlc oeeuis ccithin the ccllulai aggregates, and macrophages with 
more abundant pink staining ectoplasm and loiind oi ocal cesiciilai nuclei 
appear Still later, deposition of collagen is present nr the necrotic areas The 
necrotic stage supeificiallc resembles granulomatous change and hence the term 
“giauiilomatous themoma, a rather pool designation toi the neoplastic dis 
Older These neoplasms, howcccl, still possess the prop''nsitc to form biraiic 
Hnssall s coipiiselcs The souice oi this paiticiilai subgioup is again a philo 
Sophie question at the picsent time 'Whethci thee nic a peculiar tiansforma 
tioii of the siippoiting colls of the themus or tirilc Icmphomatous neoplasm is 
a point of debate AVo have favored the latter be designating it as a Hodgkin’s 
xarietc 

2 Caieinomaloiis hjiic —The second majoi subdivision of malignant thj 
momas, the eaicinomatoiis caiietc, is ebaractei ized lie piomnieiice of the tlijmio 
epithelial cell Thoie appear to be 2 siibcariants of tlie carcinomatous tv pc 
(1) Ijmplio epithelioma, and (2) the epithelial variant The I 5 mplio epithe 
lial group contains C eases, all ot which were characterized be a definite admix¬ 
ture of true ectologic forms (Pig 5) The small, round, deiiscl} staining 
Ijunpliocyte was ever picsent 111 caicing amoniits and intermingled with cells 
possessing round, ocal, or sliglitlc lobulated vesicular nuclei, and onlc a sjnrse 
amount ot cvtoplasm This epithelial cell, although picsent in large numbers, 
mav at times be rather small and not quickie recognized, but at other times is 
rather large in piopoitioii to the Ijmplioccte Thee are dispersed 111 small 
nests, larger sheets, and at times arc quite prominent along small vessels The 
cpitlielial caieiiiomatoiis caiietc is mcrclc one step fiiithoi along the scale Four 
cases have been tatalogned as belonging to this group The iieoplasiiis are 
eliaiactenzed be the presence of large scncctial masses of cells forming the 
entile neoplasm (Pig 6 ) A moderate amount of pink staining e.cfoplasm is 
pieseiit, hut cell houndaiies arc ceic indistinct The nuclei aie round or ocal, 
and pale staining foi the most pnit The continuous masses are iisuallv sharpie 
demarcated from the small vessels and there is a fcndcncc toi the nnclei to 
palisade aiouiid the vessels AA’'e have been unable to substantiate anv evidence 
of ev St formation vv itlim this gi oup of neoplasms Lv mpliocvqes still arc present 
but ate veiv sparse in mimbei and mctciv seatteied disciiminatelv tliioughoiit 
the tumor Occasionallv these tumors do show evidence of Iiavnng Hassall s 
corprisele foimation 
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Figr. 5—(Case 1, GLH) Lympho-epithelial \anant A, Gross specimen is partially 
necrotic and cystic, radiation therapy applied two and one-half years prior to remo\al B. 
Photomicrograph of mixture of small, dark-staining lymphoc>tes and larger indistinct cells 
with pale round or o\al large nuclei (Hematoxylin and eosin X2S5 ) 



Fig. C—(Case 11, JI C ) Gpithelial lariant A, Small apparently encapsulated n^plasm 
with faintly lobulated surface B, Syncytial is sharply' marginated 

suinrestion of nerinheral nalisadinc is nresent: note absence of cellular outlines. (Hematoxylin 
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We ieco"iii<;e that this elassiSeation in.u be an aibitiaii one and that all 
of these neoplasms nia\ lopicsent segicgatcd stages ot the same piocess Hon 
CACi, it does lend oidci to oui clinical and hisfopathologie findings As a 
classi/ieation, it ollcis little of piognostie signtficanee It is otii hope that it 
maj contiibutc to the most impoitant jihase of the pioblcm, lecognition that a 
tumoi IS of tlnmic ongm and nith malignant potcntlallt^ 

TRFVTMENT 

The piesoiico of mi asthenia giavis is not (ht piniiait indication foi thei 
api, it does impose an added haz.iid and, in some jnstanees, an iiisiiimountable 
baiiiei to tumoi eiadication Ticatnicnt ol a tlmiiic neoplasm as a phase in the 
tlieiapj 01 the pieiention of nn asthenia giaiis is of secondan nnpoit The 
essence of tlieiapi in tin line neoplasm, as in all mediastinal tumoi s, should 
be diieeted ton aid cancel contiol 

Theie aie 3 basic appioaches in the inanageinoiit of tlnniic neoplasms (1) 
biopsi, (2) suigical excision, and (3) ladiation thciapi In each ease 1 oi all 
3 appioaches to therapi aie indicated 

Biopvj —Diagnosis of a piniian tinmic neoplasm is dependent on Insto 
pathologic examination The ideal method ot obtaining tissue is bi cxtiacap 
sular “enueleatioii ’ of the entiie mass When tlieie is ladiogiaphio eiidence 
of impldiitatioii, 01 theie is exidenee of malignant extension bj supenoi eaxal 
obstniction oi penctiatiiig chest nail iinasioii, a less iiicliisno ioim of biopsx 
IS indicated Such biopsx leiiuiics a diicct approach bj one of thiee methods 
(1) thoiaeotomx oi supiasteinal ineisioti, (2) noodle biopsx, or (3) txanssteinal 
biopsx Wo haie used a limited antciioi thoiacotom} appioaeh under local 
anesthesia in 3 patients xxlieie the exidence suggested neoplasm iiiiniediatelx 
beloxx the chest xxall and latoial to the stciiia! bolder Needle biopsx has been 
emploxcd once (Case IS, L L ), the tumoi had jifiietiated the anteiioi chest 
xxall and could be felt in the sott tissues oxeilxiiig the sternum In 2 cases of 
superior caval obstiuetion (Case 17 D B, and Case Ih, C B ), xxe haxe em 
ploxed tiansstciiial biopsx This is a iclalixclx simple and highlx effectixe 
method of obtaining tissue xxithoiit icsoiting to thoiaeotomx (Fig 8) It ap 
pears unlikelj that less diicct methods such as scalene node biopsx xxill be effee 
tix e in thj mic tumors as Ij mph node extension is not common 

Sutgical IJxctsion —Ideal tlieiapx of a neoplasm icquiies total lemoxal 
accomplished xxithout xiolation of tiimoi boundarj and leaxmg no lesidual cell 
remnants Nine of the 19 patients in this sciics had suigical extiipation of 
then tuiiiois, 1 died in an acute postopeiatixe mxasthenic crisis, G are Iixing 
and apparentlx fiee of neoplasm, 2 had late rccuiioiices of neoplasm aftei 
remoxal of appaientlx benign tumors Piom the technical standpoint, excision 
of a thjmie neoplasm is usuallj not difficult exeii xxhen tlieio is extiacapsular 
inxasion ot the fat and peiieaidinm In 2 of the eailx cases, xxe emploxed 
midline steiiiotomx xxhicli is iiiinccessan and onlx adds to the moibiditx and 
the complexitx of the opciation For most tlixmic tumoi s, adequate exposuie 
IS obtained thiough either a light oi lett anteiioi thoiacotoiiix-^appioaeh If 
It should be neeessan, the incision can be extended bx i of the 
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Radiation Therapy .—Tlicrc is reason to believe tliat some neoplasms of tlic 
thymus have a tendency to resress under radiation therapy and that local 
implants frenucntly share this property. There is no way of anticipating tumor 
response until a full course of therapy has been given; therefore, wo urge that 
all patients who ])resont a nonreseetahlc ncojilasm he given a full course of 
radiotherapy, rather than a test dose. Of the 19 patients in our series, 10 had 



nonreseetahle neoplasms. All of these received radiation therapy with com- 
pletelj’ unpredictable results. One patient (Case 15, JI. K.) is in e.vcellent 
health three and one-half years after receiving 2,500 r of therapy for a 
highly malignant nonreseetahle lesion. There is little question that the majority 
have received benefit and prolongation of life (see Table II). 
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After reviewing our limited experience, since 1949, with the 19 cases pre¬ 
sented, we believe that ideal therapj^ consists of surgical extirpation of the 
primary neoplasm followed by a full course of radiation therapy to the anterior 
mediastinum. It is obvious that we cannot distinguish the benign from the 
malignant tumor by histopatliologic study. It is apparent likewise, that gross 
diagnosis of a benign thymic tumor is unreliable. Two of the “benign” thy¬ 
momas presented metastases, two and one-half and three years after excision. 
We have adopted the philosophy that all thymic tumors are malignant or of 
malignant potentiality and consider the ideal treatment to combine excision with 
a full course of radiation therapy to the anterior mediastinum. The radio¬ 
therapy should begin during the immediate postoperative phase. It might well 



p-,™ g_(Case 15. MK) A, Roentgenog-iam demonstrates malignant thymoma that 

yas accidentally disco\'ered during immediate postpartum. Tissue diagnosis established by 
limited anterior thoracotomy S, Radiographic appearance of chest approximately four and 
one-half years after radiation therapj The patient remains clinically well 

be argued that successful extirpation of the tumor would permit the surgeon 
to allow a period of clinical observation before employing radiation therapy. 
It is our contention, however, that the period of time which may elapse before 
late metastases appear maj' well go beyond the period of clinical observation 
and contact between surgeon and patient may be broken. This, in addition to 
bittei' experience with 2 late recurrences in patients piesumed to be cuied, 
makes us believe that radiation therapy in the immediate postoperative phase 
is an integral part of therapy for all thymic neoplasms. 

SUMMARY AND CONCLUSIONS 

Twent 5 ’'-six case liistories were reviewed: 19 are believed to be thymic in 
origin and 7 to be intrathymic in locale, but not of truly thymic origin. The 
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factoi of inaligiianc% picdommatcs in tins peisonal sciios, although it -was not 
immecliateh appaient in c\cn case It is oiii eoiniction that tlnniic tumois 
aie malignant oi poteiitialh malignant, and that the cancer factoi is of grentei 
impoitance than am possible lelationship Mith nnasthenii giaMS 

Resiionse to tliciap^ is unpiedictablc icgardlcss of Mhcthci the tumor is 
appaieiitlj benign oi ol)\ious]\ malignant A tissue specimen is mandator; foi 
diagnosis and ma; be obtained h\ se;eial biops; metliods including the simple 
expedient of tianssteuial biops; Wc belie; c that c;ei; patient ;\ho has a 
nonicscctable tlnmoma should be guen a full couisc ot ladiation theiap; All 
patients ;;ho ha;e undergone tlnnicetom; should iccene ladiation thoiapy to 
the mediastinum to icducc the ha7aid of late icciiiience 

AVc belie; c that tlninic neoplasms nia; be classified as of 2 tvpes the 
hmphomatons, and the Caicinomatous Emp]o;mcnt of this classification and 
its ;aiiants has no ;aluc in piognosis but ma; impio;c diagnosis of piimai; 
thj mic neoplasm 
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Discussion 

DR JOHN STRIEDEB, Brookline Ma«:s—I diould like to compliment the essayist** 
on the handling of a difhcult and obscure subject and particularly on their classification 
I nisli to call attention to tao aspects one of winch is well Inown and the other, perhaps, 
not so well known Dr EfHcr mentioned that patients with thymic malignancies may later 
develop myasthenia gravis We haie had one sucli patient fiom whom a tlnmoma was 
removed and who two years later developed myasthenia gravis A ;ear later, after con 
siderablc therapy, she had a total tliyniectoray with complete remission for two years up 
to this time 

The occurrence of a so called benign thvraoma and of a refractory anemia winch 
failed to respond to all therapeutic me i®ures has been observed in 2 patients at the Massa 
chusetts Memorial Hospitals The simultaneous occurrence of two unusual pathologic states 
in 2 patients in a rclativch brief period suggests a probable relationship betneon tlie thvmic 
tumor and cry'thropoietic abnormality, a probibihty winch was strengthened bv finding sev 
oral cases in the literature This unusual coincidence of abnormalities in the tiumus md in 
the blood provides one more link in the legendary and frequently nebulous chain of evidence 
connecting the thymus gland vMth the hematopoietic system Both those pxtients were women 
aged 40 and 45, respectively, and both ultimately had excision of the thymoma without ap 
parent effect on the course of the anemia Both have continued to run a course which has 
been characterized by failure to form blood At least 350 to 200 transfusions, mostly of 
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After reviewing our limited experience, since 1949, Avith the 19 eases pre¬ 
sented, we believe that ideal therapy consists of surgical extirpation of the 
primary neoplasm followed by a full course of radiation therapy to the anterior 
mediastinum. It is obvious that we cannot distinguish the benign from the 
malignant tumor by histopatliologic study. It is apparent likervise, that gross 
diagnosis of a benign thymic tumor is unreliable. Two of the “benign’' thy¬ 
momas presented metastases, trvo and one-half and three years after excision. 
We have adopted the philosophy that all thymic tumors are malignant or of 
malignant potentiality and consider tlie ideal treatment to combine excision Avith 
a full course of radiation therapy to the anterior mediastinum. The radio¬ 
therapy should begin during the immediate postoperative phase. It miglit Avell 



pjg. 9_(Case 15: MK.) A, Roentgenogram demonstrates malignant thymoma that 

was accidentally discovered during immediate postpartum. Tissue diagnosis established by 
limited anterior thoracotomy. B, Radiographic appealance of chest approximately four and 
one-half years after radiation therapy. The patient remains clinically well. 


be argued that successful extirpation of the tumor Avould permit the surgeon 
to alloAV a period of clinical observation before employing radiation therapy. 
It is our contention, hoAvever, that the period of time Avhich may elapse before 
late metastases appear may Avell go beyond the period of clinical observation 
and contact betAveen surgeon and patient may be broken. This, in addition to 
bitter experience Avith 2 late recurrences in patients presumed to be cured, 
makes us believe that radiation therapy in the immediate postoperative phase 
is an integral part of therapy for all thymic neoplasms. 

SUMMARY AND CONCLUSIONS 

TAventy-six case histories Avere revicAved: 19 are believed to be tip mic in 
origin and 7 to be intrathjmiic in locale, but not of truly thymic origin. The 
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factor of maligiianc\ picdoininatcs in pei*sonal senes, altliougli it Mas not 
immGdiatcl\ appaicnt in c;ei\ ease It is oui comiction that tlnniic tumois 
aie malignant oi potenlinlh malignant, and that the cancel factor is of gieatei 
impoitance tlian am possible iclationship Mitli nn asthenia giAMS 

Response to lhclaI)^ is nnpicdietablc legaicllcss of wliethei the tuinoi is 
appaienth benign oi obMoush malignant A tissue specimen is mandaton foi 
diagnosis and imn be obtained b\ se\eial blops^ methods including the simple 
expedient of tiansstcinal blops^ Wc bclie\c tint e\civ patient who has a 
noniesectabic tlnmoma should be gi\on a full touisc of ladiation therapy All 
patients who hu\e undcigom thsmectoim should icccue laduition thcrapv to 
the mediastinum to itducc the hazaid ot late iccuuence 

AVc behc\e that tinmic neoplasms ma\ be classified as ot 2 t\pes the 
h mphomatous, and the caicinomatous Cmplonncnt ot this classification and 
Its \aiiants has no \aluc m piognosis but nnm impio\e diagnosis ot piimar^ 
tlnmic neoplasm 

RrpnrExcrs 

1 Blalock A Th^moLtoin\ in Trcitnicnt of M\a5tIionm GraMs Report of 20 Cases, J 

Tiiopacic Sure 13 31G 330, 1044 

2 Lo'ncnhaupt, E Tumors of Th\mus in Rolaliou to Thjmio Epithelial Anlagc, Cancer 

1 547 503, 1048 

3 Murraj, N A, and McDonald J R Tumors of the Thymus in Mjasthenia Gravis, Am 

r Chn Path 16 87 04 1045 

4 Margohs, H M Tumors of Tli\mu« Pathologj, Ch««?ification and Report of Cn*ies, 

Am T Cancer (supp'i 15 2106 2142 1011 

5 Miller, S E, and Rodiscli IV Malignant ThjTnonia in Ca'?c of Myasthenia Gravid, Ann 

Int Med 26 440 448 1047 

6 Scjbold, W P, McDonald T R, Clagctt, O T, and Good C A Tumors of the Thjmus, 

J Tnoruvcio Sure 20 105 213 1050 

7 Binkley P M, Tliornburn J D, Stephens II B and Grimes 0 P Mediastinal Tumors 

of Thymie Origin California Mod 78 207 271 1053 

8 Poor, D n ElToct of Remo\al of Malignant Tlninic Tumor in Case of Myasthenia 

Qrayis Ann Surg IIB 58G 595 1952 

0 Ackerman, L V Surgical PatIioIog>, St Louis, 1053, The C V Mosbj Co, p 197 

Discussion 

PR JOHN W STRIEDER, Broollinc Ma‘:s—I slioidd like to compliment the essayists 
on the handling of a ditHcult an 1 obscure subject, nnd particular!} on their classification 
I yvish to call attention to ty\o aspects, one of yyhich is yycll Inown and the other, perliaps, 
not so well I noun Dr Pfilcr mentioned that patients y\ith tli}mic malignancies maj later 
dcyclop mjastlunia grayis We have had one such patient from yyhom a tliymoma yyas 
reraoyed and yyho tuo }cars later developed mjastlioma grayis A }ear later, after con 
siderablc thcrap}, she liad a total tlijmectom} yyith complete remission for tiyo years up 
to this time 

The occurrence of a so called benign thymoma and of a refractory anemia yihicli 
failed to respond to all therapeutic me inures has been obscryed in 2 patients at the Massa 
cliusetts Memorial Hospitals The simultaneous oecurrenec of tyyo unusual pathologic states 
in 2 patients in a relati\el} brief petiod suggests a pioliable relationship bctyyecn the th}raic 
tumor and er}tliropoietic abnormalit}, a probabilit} yylucli yyas strengthened b\ finding sev 
oral eases in tJio literature This unusual coincidence of abnormalities in the thjmus and in 
the blood provides one more link in tlic legendaij and freqiiontl} nebulous chain of cyidtnce 
connecting tlie thymus gland y\ith the hematopoietic system Both these patients yvere yyomen 
igcd 40 and 45, icspectivcl} and both ultunatelj had excision of the thjmoma without ap 
parent effect on the course of the anemia Both liaye continued to run a course which has 
liecn characterized b} failure to form blood At least 150 to 200 transfusions, mostly of 



78 


THE JOURNAL OP THORACIC SURGERY 


packed red cells, have been given in each case. The patients are both developing evidence 
of hemochromatosis on the basis of transfusions. It would appear, from considerable in- 
vesUgatjon, that the simultaneous chance occurrence of these two entities, that is, thymoma 
and anemia, would be extremely rare. The thymus gland was not removed at the time the 
thymic tumors were resected, and the possibility must be considered that the persistence of 
thymic tissue may have a continuing adverse influence on erythropoiesis. It is interesting 
to speculate as to the possible beneficial effect that removal of the thymus gland itself might 
exert on our patients and in certain other cases of refractory anemia. I hope I can report 
on that later. In view of the marked clinical improvement which has been known to follow 
resection of thymomas in 3 similar eases, the advisability of surgical exploration and pos¬ 
sible resection of the thymus should be considered in patients with refractory anemia, par¬ 
ticularly in those with hypoplasia or aplasia of the erythropoietic element of the bone marrow. 

DB. JOHN G. CHESNEY, hliami, Pla.—I wish to show slides of a case which I think 
is quite unique. This is a 21-year-old girl with no complaints, whose lesion was found on 
routine chest survey. This rounded lesion was found on the right side. She was operated 
upon and the lesion was found to be deep in the major Assure under the pleural reflection 
in the Assure. It lay in the anterior segment of the upper lobe and was directly related 
to the posterior portion of the middle lobe, and also related directly to the anterior portion 
of the superior segment of the lower lobe. Tlie lesion was dissected from its bed without 
difficulty. It was necessary to strip off the adventitia of the lower lobe artery and what our 
pathologist has described as normal-appearing thymic tissue was found. 

(slide) Here is a high-power section of the same tumor, which I think is unique. At 
least, I know of no reported ectopic thymic tissue in the lung. 


DR. JAMES E. DAILEY, Houston, Tex.—I would like to report an experience with 
a total of 12 thymoma cases, 9 of which were benign and 3 malignant. Only 2 of this 
group had myasthenia gravis. 

(slide) This was a 57-year-old Negro who falls into the classiAeation Dr. Effler described, 
a carcinomatous type. Incidentally, this patient was operated upon in 1949 and is still alive. 

(slide) The next one, a 45-yoar-old white man also had a carcinoma of the thymus. 
He died shortly after operation with a sudden massive pulmonary embolus. 

(slide) This 41-year-old white woman had what the pathologist described as being in 
the borderline group between the noncancerous and the malignant thymoma of the type of 
Symmer. She died within a year from metastatic lymphosarcoma. 

(slide) This next is a most interesting case. In tliis you will note the thin density 
of the tumor; it was a lipoma. The dark areas can be identiAed microscopically as typical 
thymus tissue. The diagnosis was benign lipoma of the thymus gland. 

I am not sure that I would go along with Dr. Effler on x-ray therapy for all thymomas. 


DR. HARVEY J. MENDELSOHN, Cleveland, Ohio.—I wish to compliment Dr. Effler 
on his excellent presentation and classiAeation of this confusing subject of thymic tumors. 
There is one complication wliieh he had occasion to encounter only once in our series of 13 
cases of thymic tumors, 8 of which were malignant. This occurred in a child, aged 5 years, 
with a lymphosarcoma of the thymus. There was a history of six days of upper respiratory 
obstruction; he had been in good health otherwise until then. The problem, of course, was 
to treat the respiratory obstruction and to treat the tumor. Surgical incision was con¬ 
traindicated and it was chosen to give him x-ray therapy. Ho died suddenly in tlnrty-six 
hours of respiratory obstruction after one x-ray treatment of 100 r, and before tracheotomy 


could bo established. , . , j 

Autopsy showed a lymphosarcoma surrounding the trachea and great vcs.^c s an 

Ailing the region normally occupied by the thymus. 

Within a few weeks another child was admitted to the hospital with anatomically the 
same situation; however, he had leukemia. He had the same type of respiratory obstruction 
and in this case we heeded the warning of Dr. Ncuhauser of Boston and_ treated this child 
with cortisone. The tumor receded within forty-eight hours and the re.spiratory obstruction 
was relieved. I wish to mention the lympholytie effect of cortisone as an adjunct in treat- 



EFlLFa V^D 'MCCOiniVCK TimilC ^LOPE\SAIS 71) 

mont of p^tlonts ^^ho lm^c this probJcm It docs not nlwn>s produce regression of tluimc 
tumors or l^mplionns but should be tried nheii rospiritoi} ob*«truction is present It should 
be followed quichlj bv x tin or nitrogen mu'stnrd tUcTnpj since the cortisone effect is 
tcniporir\ 

DR JOHN F nrGGIJNSON% Portliml, Ore—Me Inn 2 of tliimic moplnsms to 

mention One of thc‘-e tNpifics the multiple iiu»vtnlcn diagnoae*' nicntionod b\ the nuthors 
ns frequent This pnticnt hnd *1 large interior supinor incdnstin il nnst; md ‘'Cicral other 
lo'i'sscs in the left lung field on chest x raN Dronthoscojn jicldcd a bronchml nspjrito 
su'^pectod of ‘showing po‘»siblc brnnchiogtme eircinoina left idcural fluid eontnimd onh 
mo'-othclnl cell® ThonLotonn donmistTnted jnnlliplc tumors tliroui,hout the left client 
and lung ami n 1 irge inas« in the anterior superior inednstmurn The tissue reinovtd for 
biops\ was diagno'scd on frozen section as metnstatie bronchiogcnic ^arcinonn T ntcr the 
fixed sections were felt to d( monstrnte a niabginnt thjmonm Still Inter the pnthologi«t 
changed to a diagnosis of hposarcoma, but following renew of the sections tliroughout 
the countrv the lesion was felt to be a nnlignant tliMuonia 

The second case is that of a lipoma of the th>nius in i 33 xcarold bo\ This anti nor 
mediastinal tumor weighed 5S9 Gm and the pathologist was txpluit in stating that the 
tumor was a lipoma of the thymus and not a simple mediistinal lipoma encroaching upon 
thymic tisbuo jSo cMdtncc of malignancy was found in tins tumor 

DR HOMARD K GRAV, Rochester, Mmn Me would certainU agree with Dr 
EHicr and Dr McCormach that tumors of the thymus occm more fioquently than has gen 
orally been ipprecnttd Siiuo 1940, approximately 75 patients with tumors arising from 
the thymus have been operated upon it the Mayo Clinu Me bclimc tliyimc tumors occur 
even more frequently thin dermoid and teratoid tumors, which aro usually lonsiderod to be 
the most common anterior imdustinal tumors 

■While the relationship between nnasthenn gra\js and thyiim tumors is poorly under 
stood it 18 very real and significant It cannot be pure eojiicidimo that thymic tumors 
lia\e been found in 3C per cent of almost 500 cises of my i«tlicnii gray is seen since lOjO 
or tliat approximately 70 per cent of all our thymic tumors ha\c occurred m imlividunls 
with myasthenia gray is Of consider ible intirost, too, is the fut that wo 1 now of 5 ( isis 
in yyhich patients yyho had ncvei hid myasthenia giayis prcMOus to remoyal of a tliynin 
tumor have developed typical myistlunm grayis at y irious mtiryals after nmoyil of thi 
thymic tumors 

M hether thymic tumors should be considered as Iniugn oi malign int depends on one’s 
definition of what constitutes bcmgnancy md malignanry Cert uni} thoj arc i uniqui 
group of tumors Microscopic lUj they look as if they '«howUl be bemgn ilany '^how cystic 
cl anges md areas of calcification and are yvell cucafisulated and both grossly and micro 
fecopicalh appear to be entirely benign Hoyycycr, in other cases a tumor that is identical 
on microscopic examination yvill invade through the fdcui i and into tlio lung invade through 
the pericardium, obstnict the large vems m the mediastinum, and imptint on pleural 
surfaces, producing a bloody pleural effusion It las bten an ob-servition of interest to 
us that thus far we have not sei n a true thxniio tumor that has met istasircd or spread 
outside the thorax 

It has been our practice to treat thyniie tumors that have shown invasive charactpristic<« 
witli intensive dtep x rav therapy po&foporatixely Me have not used deep xriv thtrapv 
postoperatively in patients with well encapsulated tumors Me have not incountorcd Inf 
metasta'-os or reeiirrcnco in these appnicntly y\ell localized tumors 

The effect of deep \ ray therapy on tumors of the thy mus that could not be seeted 
has been rather unpredictable in our experience In some it has apparently > n quit*, 
effective In other eases that seemed to be identical, x ray therapy has apparent! not been 
of much value 

DR JOHN L POOL, New York, N Y TJiere are two points I shouJ like to make 
on this extremely complete presentation of tlie subject of thvraomas la the fir t place, 
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tlie malignancy of these lesions has lieen seen in the experience at Memorial Center in very 
much the same way as presented here today, and we agree that postoperative radiation tlier- 
apy IS a useful adjunct in cancer of the thymus gland, which so often has a histologic 
appearance similar to the lymphomatous neoplasms. The solid tumor of the thymic gland 
lies in the anterior mediastinal fat and it can be noted to infiltrate the perithymic fat with¬ 
out any clearly defined capsule. In one instance, a man in his twenties had a cystic thymic 
carcinoma apparently totally extirpated. The lesion was asymptomatic and found by chance. 
The e.xeision was followed by radiation therapy and seven years later metastasis to the 
axilla was noted without any mediastinal recurrence. Another aspect of the natural life span 
of these neoplasms is represented by a 39-year-old woman who had myasthenic symptoms 
in 1950, and a chest .x-ray at that time revealed an anterior mediastinal tumor with a sharply 
defined border, apparently 6 cm. in diameter. She was treated with Prostigmin for four 
and one-half years at which time repeat chest x-rays revealed the margin to be “shaggy" 
and to have a definite projection at one point. At tliis time she came under our care and 
exploratory thoracotomy revealed retieulum-eell Ijunphosarcoma with infiltration of adjacent 
lung. Malignant degeneration had apparently occurred during the intervening years. These 
findings reinforce to me the advisability of early excision for all undiagnosed anterior 
mediastinal masses. 


DE. DE WITT C. DAUGHTEY, Miami, Fla.—Of our 8 cases of thymoma, 4 have 
been classed as malignant by our pathologists. All, except 1 patient, are alive one to eight 
years following surgery. The deatli was in a terminal case when first seen and no surgery 
or other therapy was recommended. One other had such extensive invasion of the mediastinum 
that surgical removal could not be accomplished. This was complicated by superior vena 
caval obstruction. Despite the extensiveness of this lesion, the patient is alive and appar¬ 
ently well seven years after surgery and x-ray therapy. It has been necessary to give him 
two courses of x-ray therapy. 

Four tumors were iu the usual location for thymomas while the remaining four were 
located elsewhere; 1 in the lower anterior mediastinum, 1 in the posterior mediastinum, and 
2 within the lung. My associate. Dr. Chesney, has already mentioned one of them in some 
detail. The other one was cystic and located in the mid-lung field. Two of our patients 
complained of excessive fatigability over a period of four or five years which necessitated 
change in their occupation. This symptom has completely subsided in both of them since 
surgery. 

There is no question but that thymic tumors should be explored and removed imme¬ 
diately upon discovery if possible. In addition, it seems wise even if complete extirpation 
can be accomplished to use x-ray therapy if there is any question of malignancy. 


DE. J. HARVEY JOHNSTON, JE., Jackson, Miss.—Admittedly, the results of thymec¬ 
tomy in myasthenia gravis are unpredictable. There is increasing evidence, liowever, that 
thymectomy often effects amelioration of symptoms and occasionally cure in myasthenia 
gravis. 

I should like to record the case of a 35-year-old white woman admitted in extremis in 
an acute myasthenic crisis despite 4 mg. of Prostigmin every liour by injection. Emergency 
tracheotomy was done which aided in evacuation of r-iscid tracheobronchial secretions and 
more effective ventilation. Despite large doses of Prostigmin and meticulous attention to 
traclieobroncliial secretions, lier condition remained critical—so much so, that all observers 
felt that death was inevitable with continued conservative treatment. Thus, with consider¬ 
able trepidation, emergency thymectomy was performed and a well-circumscribed 8.5 by 
6.5 by 3 cm. thymoma was removed and a thymic remnant was removed. Tl.e procedure was 
technically easy and tolerated well by the patient. The response after surgery was indeed 
gratifying with rapid and progressive improvement allowing return to full ao ivi y one 
month later on a maintenance dose of 30 mg. of oral Prostigmin per twenty-four hours. 

Although this excellent result may be only a fortuitous one, it sugpsts that early 
thymectomy with the aid of tracheotomy after a short period of intensive preoperative 
preparation may be lifesaving in severe cases of myasthenic crisis. 
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DR EDGAR "W DAVIS, V asliinfcton, D C —W c too have I een quite disturbed b\ tlie 
confusion and unecrtainU about tlijmic neopl isn In the brief time available I -would like 
particularly to stress the too little appreciated tendency toward cyst fonnition Small cysts 
winch are so typical of th\momas cau<5e no diagnostic difficulty, but when tlie cystic element 
predominates, the thvmic origin of the tumor may be compkteh mi««ied Actually these 
^'thymic cysts’^ ha^c received scant attention m tlio litciature, so much so timt perhaps 
the most famous such specimen, nanieU the one removed Dr Blalock in lus first thymec 
toray for mvasthenia graMs, 1ms been overlooked in all recent re\iows on the subject "We 
seriously question whetlier such evsts are ns rare as the literature sugge«its in view of 5 
tliymic cysts among our personal «!erics of 17 th\moma cases 

(Slide) Tins is the chest \riy of a 10 year old boy Tins mediastinal ma'is had been 
disco\ered in a fortuitoii'j roentgenogram taken scAeral years earlier, and bcciuse of the 
likelihood of it<» lof re«;enting in enlarged thymus gland, he had received small amounts of 
\ ray theiapy Ultimately, however, its increasing size prompted its resection Grossly, 
it was a tiuii walled muUiIoeuIar cyst eontnimng cleai fluid The significance of the thymic 
tissue throughout th( s'^jita was appreeiitcd only recentlv when the sections wcic re examined 
(Slide) Thifl I!4vcaroId medical <itudent presented a comparable negative history and 
an identical lesion 

(Slide) Tins is the \ rar of a 35 vear old woman wlio hi e the others, had no sMnptonis 
(Slide) It wa'5 i unilocular cyst filled with brownish fluid containing many glittering vcllovv 
particles The thvmic stroma in its wall was interpreted ongmalK ns a degenerating lyinpho 
sarcoma No irradiation was given and she remains well ‘^even and one half years later 

(Slide) Again a vouug woman who had no complaints The preoperative diagnosis was 
thymoma (Slide) The specimen was a rimarkable, iinilotulai cyst located in the left lobe 
of tlio thymus, the entire gland being seen here (Slide) On section it was found to con 
tain thick grumous material like that of my evstu terotoid tumor No doubt it might have 
been mistaken for a dermoid cyst hid not the entire thymus been resected and its relationship 
thus preserved 

(Slide) This last case, in a middle aged man more or less budges the gap between 
thymic and dermoid cysts, for the Usion was a classical dermoid cyst containing hair The 
wall wns compri'-ed of thvmic tissue including Hassall's corpuscles Obviously, a ease of 
this sort goes a long wav toward confirming a more than casual relationship between teratoid 
tumors of the mediastinum and the thymus gland 

DR PHILIP W SMITH, Mai ion, Ohio—^^^e have studied 32 cases of primarv thymic 
neoplasms of the type described by Dr EfHcr TJicso cases were from the 4.rmcd Forces 
Institute of Pathology and from the University of Michigan Twelve of tlie^o casts had 
associated myasthenia gravis 3 had associated Cushing’s disease and 17 liad no appirent 
associated neuromusculir or endocrine tlisoidtr Histologically the neoplasms in all three 
groups -were indistinguishable They arc not to be confused with the true lymphomas wliith 
may involve the thymus, though at times their histologic morphology is similar enough to 
make differentiation difficult A more simplified classification of the^^c neoplasms seems 
warranted in the light of present knowledge \\c believi that tlio neoplasms in all of the 
groups described by Dr EfHcr have a common cell of origin, the so called thvmic reticulum 
cell or, ptrl aps more properly, the thymic «5yTipytial coll Thc‘-o tumors present a vanctv of 
histologic appearances both between different tumors ind in different areas of the same 
tumor It IS probably superfluous to siibclassify them liistologically according to their 
predominant cell pattern because it tolls us nothing of their biologic lelimor 

^Ye agree that all thymic neoplasms should be considered as actually or potentially 
malignant The criteria for malignancy must usmillv depend on their gross characteristics 
and upon clinical evaluation of their biologic behavior rather than on histopathologic evidence 
Throe of these 32 tumors did show regional embolic lymph node raetastases Nearly all 
showed capsular invasion, and extensive local infiltration and implantation were common 
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A prompt tissue diagnosis certainly is essential; and, if possible, total excision of these 
neoplasms with any remaining thymus should be aecomplislied. If total excision is not 
possible, the mediastinal structures often may be mechanically decompressed by removal of 
a portion of the tumor. Local implantation with appropriate radioactive materials such 
as iridium and/or externally applied roentgen tiicrapy is definitely indicated if one is not 
sure that excision is complete. The response of these tumors to irradiation is variable but 
significantlj^ worth while in a good percentage of tliem. 

Finally, for the sake of the record, the photomicrograph just shown by Dr. Chosney 
I believe is misclassified as a thymic neoplasm occurring in the lung. A similar tumor is 
to be found in the files of the Armed Forces Institute of Pathology, also occurring in the 
lung. I do not believe it is related to the thymus at all but is actually a type of lymphoma. 
The epithelial-appearing cell cluster.^ are not Hassall’s corpuscles but collections of endo¬ 
thelial cells. 

DR. DONALD B. EFFLER (Closing ).—I want to thank the discussants, and to thank 
Dr. Meade for closing the discussion before someone le.“s friendly than the others had a 
chance to speak. I would like to close with the summary which appears in the paper by 
simply stating that we believe that indications for surgical intervention are the same as in 
all mediastinal tumors and contraindications are perhaps the same. Tissue diagnosis is 
mandatory and in all patients, regardless of whether cr not the tumor can be removed, a 
full course of postoperative radiation therapy is recommended. 



PULMONAEY RESECTION IN ACTIVE CAVITARY (OPBN-POSITWE) 
TUBERCULOSIS 

Robert H. IIoll,vnd, M.D.* (by im’iTAMON), Sunmount, N. Y., John W. Bell, 
3I.D, (by invitation), Sunsiount, N. Y., and Edward S. AVelles, M.D,, 
Saranac Lake, N. Y^. 

C URRENT attempts to control cavitary tuberculosis with prolonged chemo¬ 
therapy result in a predictable incidence of medical failures. For example 
(Pig. 1), there were no definitive surgical procedures in this random group 
of 179 original treatment cavitarj’ cases during the first 12 months of chemo¬ 
therapy with streptomycin and PAS. Following G months of drug therapy, 
29 per cent had residual cavities and positive sputum, and after 12 months, 18 
per cent still had positive sputum and persistent cavities. 

In the majority of recent reports,’"’ no attempt has been made to correlate 
the preoperative susceptibility of the tubercle bacilli ivith the postresection 
complications and therapeutic results. Falk and Tucker’ state that bacterial 
resistance to the chemotherapeutic agents at the time of surgery appeared to 
have little eHect upon relapse or failure in their series of resections. Differing 
from this opinion, we have found this information essential to the proper man¬ 
agement of these cases and directly related to the complications and end 
results. 


MATERIAL 


This study is a review of 83 sections in 75 patients who had positive spu¬ 
tum and persistent cavities at the time of operation. For convenience in 
classification, as suggested by Decker, Raleigh, and AVelles,’ the term “open” 
signifies the persistence of an annular shadow, recognized as such on plani- 
grams. The report of at least one positive sputum culture ivithin the three- 
month period immediately prior to surgery is sufficient to designate the case 
as "positive.” 


Original chemotherapy eases are those in which treatment was started on 
the first admission, or if on readmission or transfer, not more than 6 months 
of drug therapy with no interruptions over 2 weeks. AU other patients, be¬ 
cause of unknoum intervals between drug regimens, are considered to be in 
the re-treatment group. 


Further subdivision of the original and re-treatment groups is based on 
the susceptibility pattern of the tubercle bacilli in the patient, both on the 
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A prompt tissue diagnosis certainlj' is essential; and, if possible, total excision of these 
neoplasms with anj^ remaining thymus should be accomplished. If total excision is not 
possible, the mediastinal structures often may be mechanically decompressed bj’' removal of 
a portion of the tumor. Local implantation with appropriate radioactive materials such 
as iridium and/or externally applied roentgen therapj' is definitely indicated if one is not 
sure that excision is complete. The response of these tumors to irradiation is variable but 
significantly worth while in a good percentage of them. 

Finall}", for the sake of the record, the pliotomicrograph just shown by Dr. Chesney 
I believe is miselassified as a thymic neoplasm occurring in the lung. A similar tumor is 
to be found in the files of the Armed Forces Institute of Pathology, also occurring in the 
lung. I do not believe it is related to the thymus at all but is actually a type of lymphoma. 
The epithelial-appearing cell clusters are not Hassall’s corpuscles but collections of endo¬ 
thelial cells. 

DE. DONALD B. EFFLEE (Closing).—I want to thank the discussants, and to thank 
Dr. Meade for closing the discussion before someone less friendly than the others had a 
chance to speak. I would like to close with the summary which appears in the paper by 
simply stating that we believe that indications for surgical intervention are the same as in 
all mediastinal tumors and contraindications are XJerliaps the same. Tissue diagnosis is 
mandatory and in all patients, regardless of whether cr not the tumor can be removed, a 
full course of postoperative radiation therapy is recommended. 



PULJIONARr RESECTION IN ACTIVE CAVITARY (OPEN-POSITIVE) 
TUBERCULOSIS 

Rodert H. Hollwd, M.D.* (by invitation), SuNiiouNT, N Y,, John W. Bell, 
5I.D. (by invitation), Sunmount, N. Y., and Edward S. Velles, M.D., 
Saranac Lake, N. Y. 

C URRENT attempts to conti’ol cavitary tuberculosis ivitli prolonged chemo¬ 
therapy result in a predictable incidence of medical failures. For example 
(Pig. 1), there were no definitive surgical procedures in this random group 
of 179 original treatment cavitaiy- eases during the first 12 months of chemo¬ 
therapy with streptomycin and PAS. Poliowing G months of dnig therapy, 
29 per cent had residual cavities and positive sputum, and after 12 months, 18 
per cent still had positive sputum and persistent cavities. 

In the majority of recent reports,’"’ no attempt has been made to correlate 
the preoperative susceptibility of the tubercle bacilli with the postresection 
complications and therapeutic results. Falk and Tucker’ state that bacterial 
resistance to the chemotherapeutic agents at the time of surgery appeared to 
have little effect upon relapse or failure in their series of resections. Differing 
from this opinion, we have found this information essential to the proper man¬ 
agement of these cases and directly related to the complications and end 
results. 

MATERIAL 

This study is a review of 83 sections in 75 patients who had positive spu¬ 
tum and persistent cavities at the time of operation. For convenience in 
classification, as suggested by Decker, Raleigh, and Welles,’ the term "open” 
signifies the persistence of an annular shadow, recognized as such on plani- 
grams. The report of at least one positive sputum culture within the three- 
month period immediately prior to surgery is sufficient to designate the case 
as "positive.” 

Original chemotherapy eases are those in which treatment was started on 
the first admission, or if on readmission or transfer, not more than 6 months 
of drug therapy with no interruptions over 2 weeks. All other patients, be¬ 
cause of unknown intervals between drug regimens, are considered to be in 
the re-treatment group. 

Further subdivision of the original and re-treatment groups is based on 
the sn seeptibility pattern of the tubercle bacilli in the patient, both on the 
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admission sputum culture and on the last positive specimen before operation. 
Susceptible tubercle bacilli are those showing less growth, than in controls, 
in at least 2 of the 3 tubes of ATS medium containing 15 /tg of streptomj^cin, 
10 /xg of PAS, and 1 /xg of INH per milliliter. 


Table I. Admission Bacterial Susceptibilities 


Original Chemotherapy .— 


Susceptible 

28 

Eesistant 

0 

lie-treatment .— 


Susceptible 

42 

Eesistant 

13 
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On admission (Table I), there were 28 original chemotherapy-susceptible 
eases, and none were found to be resistant. Portj’^-two were considered as re¬ 
treatment susceptible, and 13 showed resistant bacilli at the beginning of re¬ 
treatment. Drug therapy ranged from 2 to 32 months preoperatively, being 
quite prolonged early in the series in an attempt to convert the sputum. 
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ADMISSION 6 MONTHS 12 MONTHS 


Fig:. 1.—Sputum conversion and cavity closure in original chemotherapy. 


At the time of operation (Table II), 19 original treatment patients still had 
susceptible organisms while in 9 the bacilli had become completely resistant. Of 
the 42 patients re-treated as susceptible, 19 had developed resistant bacilli by the 
time they were considered for resection of surgery. Thus, a total of 32 patients 
came to operation in the re-treatment resistant state. 


Table II. Peeoperative Bacterial Susceptibilities 


Original Chemotherapy .— 
Susceptible 
Eesistant 

Be-treatment Chemotherapy .— 
Susceptible 
Eesistant 


Net 

(Change) 

1 

9 


V 

19 
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OPERATira PROCEDURES 

The operations were usually formidable. Nineteen patients had preresec¬ 
tion thoracoplasties, 4 had permanent phrenic damage, 2 had Monaldi pro¬ 
cedures, 19 had pneumothorax, and 11 were classical thoracoplasty failures. 
All of these procedures involved the resected side, making the operation more 
difficult technically, and the postoperative course more complicated physi¬ 
ologically. IVedge resection was performed only tndee as a solitary pro¬ 
cedure; segmental re.section, 44 times; lobectomy, 34 times; and pneumonec¬ 
tomy, 3 times. There were no operative deaths, that is, within CO days fol¬ 
lowing surgery. 

COMPLICATIONS 

Major complications of tuberculosis which ai'e defined as bronchopleural 
fistula, empyema, spread or reactivation of disease, and chest wall infections, 
are correlated with respect to preoperative susceptibilities of the bacilli in the 
patient (Pig. 2). In the original chemotherapy-.susoeptible group, there was 
1 major complication in 19 resections, and, in the resistant group, 5 in 9 re¬ 
sections. In the re-treatment susceptible group, there were 3 major complica¬ 
tions in 22 resections, and, in the resistant group, 9 in 33 resections. Nine 
patients in the resistant groups had viomycin and Terramycin added to their 
chemotherapy protocol G weeks prior to operation and were continued on this 
program at least S weeks postoperativcly. In this group there were 3 major 
complications in 9 resections. 



Fi/?. 2—Major complications 


THERAPEUTIC RESULTS 

Complete follow-up studies on 72 of the.se 75 patients range from 3 to 52 
months, and are again classified in relation to the preoperative bacterial sus- 
eeptibilitie.s (Table III). Activity is defined as either radiologic or bac- 
teriologic instability within 3 months of this review. In the original treat¬ 
ment-susceptible group, no cases are active, 19 are inactive, and all patients 
are living; and in the resistant group, 1 case is active, 5 are inactive, and 3 
patients are dead. In the re-treatment-susceptible group, 1 ease is active, 23 
are inactive, and 1 patient died of carcinoma of the tongue with metastases; 
and in the resistant group, G are active, 22 are inactive, and 1 patient is dead. 
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Of the 9 patients in the resistant groups treated with viomyein and Terra- 
mycin, 4 have active eases, 4 inactive, and 1 is dead. Therefore, of the 72 
patients followed, 8 have active cases, 64 inactive, and 4 died of tuberculosis 
which makes a satisfactory arrest rate of 95.5 per cent in the susceptible 
groups, and 71 per cent in the resistant groups. 


Table III. Current Disease Status 



ACTIVE 

INACTIVE 

DEAP 

Original Chemotherapy .— 

Susceptible 

0 

14 

0 

Eesistant 

1 

5 

3 

Be-treatment Chemotherapy .— 

Susceptible 

1 

IS 


Eesistant 

6 

22 

1 

Eesistant ^iomycin ) 

Resistant Tgj,jamyein \ 

4 

4 

1 


♦Died of cancer of the tongue with metastases. 


DISCUSSION 


Certain radiologic and baeteriologie findings, which are presented below, 
have been extremely useful in anticipating medical failures during the early 
months of chemotlieraiiy. 


Radiologic .— 

1. Cavity size: 3 cm. or over. 

2. Cavity location: (a) extreme apical or posterior; (b) those persisting 
under a thoracoplasty (Fig. 3, a). 

3. Cavity configuration; (a) thick-walled, and (b) hanging (Fig. 3, b); 
and (c) stellate (Fig. 3, o). 

4. Cavity number: multiple adjacent, or those with a honeycomb appear¬ 
ance (Fig. 3, d). 

5. Cavity with associated bronchial abnormalities: (a) stenosis; (b) 
e_etasia. 


Baeteriologie .— 

1." Failure to reduce the bacillary content of the sputum in the first 3 

months of'Chemotherapy. _ . -r., o 

2 Development of partial resistance to sti eptomycin, ItaaS, oi IaIx. 

3 Failure to convert the sputum in the first 6 months of chemotherapy. 
When one or more of these radiologic findings is present, the cavity will 

usually not close, and when combined with one or more of the baeteriologie 

findings, sputum conversion is unlikely. , v oi 

In the candidate for resection who is considered a predictable medical 
failure there is little to be gained by prolonging treatment to the point where 
bacterial resistance emerges. Although the achievement of sputum conver¬ 
sion is desirable, even the open negative state does not guarantee the pies- 

neeessMT in the re^treatmenf poup where the 
rapid emergence of drug resistance is a common phenomenon.' These patients 
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should he consideied for resection several mouths earlier than their oiiginal 
chemotherapy counterparts and appiopiiate changes made in theii medical 
protocol if I esistanee is developing. 

The patient uith uncertain ding coverage, or known resistance, sliould 
be ljioncho.seoped piior to resection Jn these patients, tiansection of nniecog- 
nized endolnonchial disease oi spillage of tuberculous mateiial at operation 
may invite pleural complications The plan at operation in the lesistant pa¬ 
tient is to perfoim a u-ide, clean lesection, which usually means a lobectomy, 
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unless the disease is extremely well circumscribed. This is in contrast to the 
piactice followed in the susceptible group where limited resections have been 
found to be perfectly safe. 

idurphys reports satisfactory results in only 77.6 per cent of his opera¬ 
tions for cavitary resection, as eompai-ed to 94.7 per cent iji those operations 
where closed lesions were resected. In resections where the sputum was posi¬ 
tive, 82.8 per cent of the patients had good results, as compared with 94.4 per 
cent where it was negative. These statistics are strikingly similar to ours 
when the bacterial susceptibility data are omitted. Of the three factors, open 
eainty, positive sputum, and bacterial resistance, we think the latter is the 
most significant in regai’d to the postreseetion complications and therapeutic 
results. 

SUmiARY 

1. Eighty-three resections in 75 patients with re.sidnal caidties and posi¬ 
tive sputum are reviewed. An attempt is made to correlate the preoperative 
findings on tubcreule bacilli susceptibility with the complications and ther¬ 
apeutic results. 

2. In the original treatment-susceptible patient, resection should probably 
be performed between the third and sixth month of chemotherapy, and, in the 
re-treatment patient, several months earlier in order to avoid the develop¬ 
ment of bacterial resistance. 

3. Of the three factors, open cavity, positive sputum, and bacterial re¬ 
sistance, we believe the latter to be the most significant in regard to the post¬ 
reseetion complications and therapeutic results. 

4. Despite the presence of open cavity and positive sputum, we have had 
excellent surgical results in our .susceptible patients, and onlj’^ fair results in 
those who were resistant. 

5. The addition of viomycin and Terramyein to the chemothei'apy proto¬ 
col of 9 resistant patients, 6 weeks preoperatively and continued postoper- 
atively, did not seem to alter the end re.sult. 
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Discussion 

DR. WATTS E. WEBB, Sanatorium, Miss.—Trant to congratulate this group on 
their excellent presentation and certainly on some very excellent results in handling a 
very difficult situation. We have attempted to avoid development of this status, at least 
in the original treatment group, hy the utilization of various teams of the drugs in order 
that •n-e might always have a group of drugs to which the bacteria presumably w’ould not 
bo resistant. That is, ordinarilj' we start out with streptomycin and PAS and later on 
when there appears some evidence of resistance we switch over to isoniazid and Promizole 
and, later on, as some of the other antibiotics have been developed, we use still a dif¬ 
ferent team. We have on occasion used ns many as three teams of antibiotics on a single 
patient. We feel that this has given us, at least at the time of operation, a team that was 
effective against the bacteria pre'^ent at that particular time. In contradistinction to their 
results we have found that we were thus able to continue effective drug treatment until 
these patients, judging by the appearance of the contralateral side and other factors, 
were ready for .surgery. Our results in the group that have been treated with various 
teams of drugs have been superior to those in the group where operation was performed 
in the pesence of bacterial resistance. 

We do concur that an earlier attack on the eavitarj' lesion is indicated whenever 
the condition of the remaining lung permits. 

DR. WILLIAM M. LEES, Chicago, Ill.—It is encouraging to note that people in the 
East are also seeing some of these far-advanced and moderately advanced cases that we 
are seeing in Chicago. This is especially true in view of the fact that a review of the 
data as recently published in tliat illustrious journal, the Chicago Ttibtine, lias revealed 
that in some areas of the country the primary indication for surgerj’ is the fact that there 
are a few fiyspecks on the x-ray and an occasional positive sputum; whereas in other parts 
of the country the large cavities, openly revealed, are permitted to remain, just because the 
sputum is negative. 

In reviewing more than 300 resections during the last 2 years or so, I would like to 
confirm some of the observations reported by Dr. Holland in that more than S5 per cent 
of our complications have occurred in those patients witli preoperative sputa positive. 
The majority of these patients have had intermittent chemotherapy, to be sure. However, 
a number have had continuous chemotherapy, and I think we will find that it is in this 
group that we are going to encounter most of the complications, at least, from the point 
of view of the pathology present. 

In this group, I am referring to the pathologic specimens w’hich, when studied care¬ 
fully, will in practically all instances reveal the presence of tuberculous endobronchial 
disease, not necessarily at the bronchocavitrrj' junction, but at some distance from this 
area. I believe this plays a considerable role in postoperative complications. We, too, 
have found that the complication rate is higher in those who have tubercle bacilli re¬ 
sistant to all the drugs. We also attempt to keep viomycin in reserve and w’c hope that 
perhaps seromycin, when it becomes available, may be of some benefit in this rather 
tragic group, small though it is. 

DR, FELIX A. HUGHES, JR., Memphis, Tenn.-—Thanks to Dr. Barnwell, I have the 
results of a study of morphology and bacteriology of resected tuberculous legions in the 
VA-Ariny-Navy cooperative study. In my opinion, the data may be said to agree with 
the recommendation for early surgery. These patients, from 35 hospitals, had operations 
performed under the supervision of members of this Association. 

(slide) This slide shows the percentage of negative lesions, related to tho months of 
chemotherapy treatment, in 49-i patients with closed lesions who were clinically negative 
for acid-fast bacilli. No patients w-ere selected for study with less than 4 months of 
treatment. Here you can see the bacfcriologj' of the lesions changed very little after 4 
to 5 months of chemotherapy. What gain is obtained is accompanied by a gain in positive 
smears even after 12 months of therapy. 
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(slide) This slide relates closed lesion bacteriology and chemotherapy regimen to 
how many months the patients were clinically negative. A gram a day of st,-eptomycin 
p us PAS administered until the patient was clinically negative for 2 months resulted 
in excised lesions that showed about as high a percentage of negativity as was found at 
the end of a year. This confirms, I think, the judgment of the people who resected these 
esions, because the lesions showed such a high negative percentage, but it also confirms 
the observation that as soon as the patient is clinically ready, the resection should be 
carried out. Even with streptomycin twice a week plus daily PAS, apparently the max¬ 
imum effect on the lesion is reached after the patient has been clinically negative for 
4 to 6 months. 


(slide) When considering only patients who had lesions with negative cultures but 
positive smears, which I think indicates less therapeutic effect than a negative culture 
with a negative smear, a gram of streptomycin plus PAS daily caused a maximum im¬ 
provement in the lesion, of being clinically negative, at the end of four months. With 
streptomycin twice a week plus daily PAS, there is a slight therapeutic increase through¬ 
out the 12-month period. 

(slide) When it comes to resected open lesions, although still negative clinically, 
■there is a marked decrease in the percentage of lesions that are negative during the 
period between 4 and 5 months and 6 and 7 months. I think this is very significant and 
is why the VA studies confirm the recommendations given by Drs. Holland, Bell and 
AVelles. 

This is hindsight evidence, but indicates that astute clinical judgment in the 
handling of tuberculosis cases is more indicated than ever. From my experience with the 
resection of approximately 500 tuberculous lesions, I also agree with the recommenda¬ 
tions presented here. Our findings have agreed too that when the tubercle bacilli are re¬ 
sistant there is a tremendous increase in the percentage of complications. When there is 
a predictable medical failure, which frequently can be determined early, resection in 
suitable patients should be done at the earliest optimum time. 


DE. WINFIELD 0. KELLEY, Norwich, Conn.—Our findings in the tuberculous 
cavity are similar to those of Dr. Holland. I would like to stress a point which wo feel 
is very important in evaluating these cases preoperatively. In going through our series 
of the last 243 cases, I was able to pick out 167 with cavities which perhaps agree with 
the principles followed by Dr. Holland in his classification. It seems that we are unable 
to evaluate the cavity situation bj’- regular x-rays alone and we have come to rely upon 
laminagrams almost exclusively. It has been difiicult also, even in that respect because of 
the interpretation of the roentgenologist and we found we had to include probable cavities 
even when we used laminagraphic interpretation. 

(slide) There were 167 specimens from patients with cavitation; 121 showed acid- 
fast bacilli by smear or culture, making 72 per cent. There were 104 with a positive 
smear, at least one positive smear; 90 had positive cultures and only 70 were positive both 
by smear and culture. 

(slide) This maj^ be a more rigid classification than was used by Dr. Holland and 
his group. For open cavity cases, we specify that the sputum had to be positive within 
6 weeks of operation; there was laminagraphic evidence of cavity preoperatively and there 
was proof that there was a cavity mth a positive finding of bacilli in the cavity that had 
been resected. In this series of 167 specimens from patients with cavitation, there were 
121 specimens (72 per cent) which were positive for acid-fast bacilli by smear or culture; 
104 (62 per cent) which were positive for acid-fast bacilli at least by smear; 90 (54 per 
cent) which were positive for acid-fast bacilli at least by culture; and 70 (42 per cent) 
which were positive for acid-fast bacilli by smear and culture. 

The results in these cases were as follows: There were 24 patients whose tests were 
still positive by smear or culture postoperatively but in 2 of these the organisms proved 
to be saprophytes. Then we had 22 cases that had to be further evaluated. Most of 
the specimens became negative soon afterward, the time varying between 1 an mon s- 
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Three patients died, not tarlj deaths but late dentils, one o£ liffu rial undo< trut‘ 
with advanced tuberculosis, niiotlier had faradvnnctd luV*- ! «i«, the tlu~ s 

accidental death One of tl eve patients had a rc!np«o and ji r rr in the hosp u , 

(slide) In order to point out some of the problems in thcic ca"-» , i 

shows the xraj after 10 months of stroptomjem and PAB 1 ,~ Tin sputtur o-t. 
positive on admission but became iicgatirc and was negative i.’ - ^ tire of operit 
There is a small lesion in the left lung vihich is probahh impn. u ' - r,ost of vos 
see (slide) This is the lesion vv Inch was resected 

(slide) There is an obvious eavitj hero of rather large tiii-, j-; smaller 

lesion here Tins patient’s specimen was negative bj smear but was 
This case could not bo used in our scries even though it was proved to Is- & f>oijtive <nse 
DE NOEMAlsr T MILSObr, Biooklino, Mass—I should like to fomphi,<nt Dr llol 
land, Dr Bell, and Dr Welles, not o.ilv for calling our attention to a ti-csh and imp„r 
taut subject, but also for calling attention to other important criltna vhich drtirmiiie 
the success of surgical treatment other than those related to drug tliorapv ttj. have heard 
a great deal in the literature, and also here this morning, about drug eriteru and the fact 
that a positive sputum and open cnvitj are sources of danger to the piticnt undirgoing 
resection 

I should hhe to ask, do )Ou rcall> think that is true? Or is it the fict tlut mo«at 
patients of tins t-spc are those who had the most serious tuberculosis to begin vuh and 
those ■who represent treatment failures'? Man) patients i\ith open ciMties who hive ijQcn 
treated o\er long periods of time, and espccinll) with recurring or persivtnjg positive 
sputum, have partial to complete resistance This fact would seem to be of great im 
portance compared with the fact that a positive sputum or an open cavity wai; present 
Becentlj Dr Edward Hayes, Dr OvcriioU, and I made a studv of a group of pa 
tienta on their fust course of drugs, who had been treated b) resection during the c'vtlv 
months of treatment One hundred and eight had resection peifornied with less than a 
month of drug therapj The onl) difference in statistics in tlie groups that were studied 
was that tlie earlier tlio resection was done the better the results, provided the surgical 
criteria were abided by 

What are the surgical criteria? First that the onl) threatening lesion n within the 
unit of lung to be resected and that all other lesions have been controlled b) drug therapy 
and medical treatment Second, that the patient have an adequate les^nrator) reserve 
Third, that the patient has had intelJigent drug treatment sufficient to ebminato toxi^ 
symptoms and excessive sputum It is our experience that when these funds,cental 
surgical criteria are present, the duration of preoperative cliemotherapy is unrelated to 
the results, except that those patients who aie operated on very eariv during the course 
of drug treatment have slightlv better results than those operated on later 

One othei thing I would like to pass on e have found that pvrazinannde „ 
best drug to protect the patients in serious condition who have aJread) had proloQjv^^j 
chemotherap) while undergoing resection 


DR A M DECXvER, Richmond, Va—I feel an obligation to make two . 
the record First is a point of which Dr Holland and his colleagues are u y lyrafg.^ ^ 
X am afraid thev will perhaps not have time to clarif) it 


jL am arraici tiiev will perhaps not nave mue iv ‘v -- *. j 

of the data might be misinterpreted The first slide that ^ ^ 2 

increase in the per cent of conversion and cavit) closure w ^ 5 atjtj 

13 months Those percent igcs arc correct How ever, this vanoeincma f 
failures having been removed from the stud, after 6 n> rmenVi of f 

intervention So actuallv the percentage of caviti The I li, 

the overall group does not change great], after of signiCrwo drug fiie 

to make is that we are not vet certain ’'“tat resistance “I 


I Speak specifically of streptonyexn 


* -- -A » ith clin‘'^“ 

per cubic centimeter does not ^ 5 f/•^^aIong rM 


plinicfli drug as 


to 15 MS There is certainly a place 


/or further s 


resj 
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+ 1 , (Closing).—We are very glad to have had the opportunity of shifting 

the spotlight to tuberculosis, a disease which the lay press and possibly some physicians 
seem to believe is no longer a medical problem. Despite the use of all available anti- 
tuberculosis drugs and modern resection technique, we have been unable to eliminate this 
isease. "iou have just heard the morbidity of this chronic relapsing disease. It is still 
present, and Dr. Medlar has predicted that it will probably increase in coming years. 

With regard to Dr. Webb's comment on the various drug combinations by which 
they have tried to convert these cases to the negative-sputum state, our patients have had a 
variety of drug combinations, most of which have been continued to the point of re¬ 
sistance rather fruitlessly. In fact, patients who were resistant to streptomycin and 
PAS will, when isoniazid is added, in effect be getting INH alone and rapidly become 
resistant to it; thus using one of the best drugs left for surgical coverage. We have not 
had a great deal of experience with viomycin and Terramycin and Pyrazinamide but as you 
have seen, the results with viomycin are not encouraging. The number in our series is not 
great and we obviously do not present this material because we are particularly proud 
of the results. Nor do we wish to imply' that the unsatisfactory cases are necessarily 
surgical failures; or even just chemotherapeutic failures. Actually, they are probably 
total failures of both medical and surgical treatment. 


We should like to emphasize one point in the current resection surgerj- of tubercu¬ 
losis. This is the important consideration of whether or not the surgical candidate is 
harboring resistant tubercle bacilli. We have just mentioned that late tuberculosis com¬ 
plications occurred in one third of the patients with resistant bacilli who had resec¬ 
tions. This incidence is reminiscent of the forbidding morbidity whch occurred in the 
predrug era. The problem of resistant bacilli is not confined to patients with cavitary 
disease and positive sputum. We have become aware that even the patient who comes 
for resection with sputum negative for S months or more may harbor, in 10 to 15 per 
cent of the cases, resistant tubercle bacilli which simply are not being sloughed into the 
bronchial tree. 

In 500 resections at Sunmount Veterans Hospital since 1950, we have had 17 cases of 
postoperative parenchymal reactivation which have followed at varying intervals after 
resection. Of these patients, 13 had negative sputum at the time of operation. Two had 
no cavities, and 11 were operated upon because of the open negative state. The remaining 
4 had open cavities and positive sputum. Only 2 of the 17 postresection tuberculosis 
reactivation cases had susceptible tubercle bacilli. In other words, 15 were resistant. In 
10 of the 17 patients, all of whom had both x-ray and bacteriologic relapse, all palpable 
disease had been removed. The microscopic spillage, which probably occurs in nearly 
100 per cent of resections, is apparently innocuous in the patient with good drug control 
but is not safe in the resistant patient. Segmental resections or wedge resections which 
open raw surfaces may clear disease by only narrow margins and may also result in 
transection of unrecognized endobronchial disease at a subsegmental level, as mentioned 
by Dr Lees. In view of these facts, we have favored lobectomy in any patient who is 
suspected of harboring resistant bacilli and who has uncertain drug control, regardless 
of whether or not the sputum was positive. In 8 patients in whom resistance was not 
suspected, parenchymal reactivation followed very promptly after segmental excmion. 
Secondary lobectomies were necessary and in 1 case pneumonectomy became necessary to 

control the disease. 

We should like to thank the discussants. 



SnrULTANBOUS BILATERAL RESECTION FOR PULMONARY 
TUBERCULOSIS IN MENTAL PATIENTS 

P. John Lewis, IiI.D., Norman B. Shumway, M.U. (by invitation), JIansue 
Tatjfic, M.D. (by inwtation), Barney Zimmerm^vn, M.D. (by invitation), 
John P. Perry, M.D. (by invitation), Morhey Cohen, M.D. 

(by inwtation), and Dean M. Ring, M.D. (by invitation) 

Anoka and Minneapolis, Minn. 

INTRODUCTION 

W HEN in any field of surgery a single operation can successfully replace 
two operations, an advance has been made. In abdominal surgery staged 
resections of the colon have been abandoned except when there is obstruc¬ 
tion. Only at the beginning were two operations rather than one needed to 
resect cancer of the pancreas. Excision of cancer of the middle third of the 
esophagus through the right chest apparently required a two-stage operation 
at first'* but it no longer does. It is a surprising anachronism to find recently 
that a two-stage operation is still recommended for pharyngo-esophageal di¬ 
verticula”; most surgeons gave it up years ago. hlore examples could be 
added but the point is clear. One operation is better than two provided, of 
course, that it accomplishes as much with equivalent risk and disability. This 
paper describes one way in which a single operative procedure can replace a 
two-staged operation in the surgery of pulmonary tuberculosis. 

Pulmonary tuberculosis frequently spreads bilaterally” and it may pro¬ 
gress far enough so that a bilateral resection is needed. Conventionally, the 
disease is excised at two separate operations through two long posterolateral 
incisions. This is not necessary, for, due to the anatomic distribution of the 
disease, it is technically quite easy to resect both sides through a single in¬ 
cision. Usually tuberculosis infects the superior poles of the lung and this 
region, especially, may be reached on both sides through a single, transverse, 
anterior incision. 

It is not difficult to find reasons that favor a simultaneous rather than a 
staged bilateral resection for selected patients with bilateral disease. The 
total time of treatment and disability could be shortened and the expense 
greatly reduced with a single operation. The danger of postoperative aspira¬ 
tion or spread from residual disease is gone if this disease has been taken at 
the first operation. Then too, respiratory stress may actually be less after a 
simultaneous bilateral operation than after the second stage of a staged pro¬ 
cedure. 

From the Anoka State Mental Hospital, Anoka, Minn., and the Department of Surcery, 
University of Minnesota, Minn. 

Head at the Thirty-fifth Annual Meeting ot The American Association for Thoracic 
Surgerj' at Atlantic City, N. J., April 24 to 26, 1955. 
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This I’easoning might be applied to some of the iiatients in any tubercu- 
osis sanatoiium. Actually, the simultaneous bilateral operation has been done 
only on the inmates of the Anoka State Mental Hospital and for these particu¬ 
lar patients there has been, in our experience, at least one special reason favor¬ 
ing the use of a simultaneous bilateral operation. At the time of writing, 94 
patients in the Tuberculosis Unit of the Anoka State IMental Hospital are await¬ 
ing surgery. For each of them sui-ger3'- has been recommended bj^ a joint 
medical-surgical conference and they are readj', but operating time and facili¬ 
ties are limited and thej'" must wait. With an overwhelming surgical load 
such as this, a reasonable method of accelerating the care of some patients, 
such as the simultaneous bilateral resection, seems fullj^ justified. 

This long list of patients awaiting surgeiy reflects merely one facet of a 
tiying problem—tuberculosis in state mental hospitals. The high incidence of 
the disease in this population is well recognized.^’ ® The problem has not been 
solved but at least the management of this situation has been progressive in 
IMinnesota. All mental patients with tuberculosis are isolated in one modern 
• unit which is part of a larger mental hospital. The plan of control and treat¬ 
ment, as well as our experience with resectional surgery in these patients, has 
been described in another publication.^* Mental patients with tuberculosis 
deserve modern care in their own right as ill human beings but they must have 
it for another reason too. As an important remaining “seed bed” of the dis¬ 
ease, they menace the public health. 

The history of simultaneous bilateral pulmonary resections is meager. 
Some possibly apocryphal evidence suggests that one of the first pulmonary 
resections attempted was actually a bilateral operation done bj^ Block in 1882.** 
It failed. The only medical report, at the time, about this operation was by a 
correspondent to the Boston Medical and Surgical Journal who had not seen 
the operation.*^ Block himself apparently did not find time to record the 
case, probably because he was incapacitated with the turmoil that led to his 
suicide—a direct consequence of his failure. Thus, the operation’s history 
began on a melancholy note. 

In recent times Overholt^® has preceded us. In each of three reported 
cases, he used a bilateral posterolateral incision to resect segments of both 
lungs. The disease was bronchiectasis in two cases and the third case was 

mixed_a tuberculoma was found on one side and a hamartoma on the other. 

Our first report on the simultaneous bilateral operation was made in 1954.** 

INDICATIONS 

Rather than depend upon antibiotics alone** we have preferred, whenever 
possible, to resect even residual necrotic foci as well as inspissated cavities 
and more advanced disease.*’ *’ ** All types of resectional surgery have been 
used liberally on mental patients with tuberculosis, perhaps even more liber¬ 
ally than resection would have been used for the same stages of disease in sane 
patients. We have tried to bring each patient to a state of health where he 
could be removed from the tuberculosis section and returned to the crowded 
general wards of the mental hospital. This transfer requires caution. In a 
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state mental hospital fuberoiilosis is liable to be contagions. Even an infre¬ 
quent positive spntnm arising from ati apparently inactive disease can be 
dangerous if it is produced by an irresponsible patient. Before they leave 
isolation, patients must show consistentl 3 ' negative gastric cultures and x-rays 
With no evidence of tuberculosis or, at most, only minimal scarring. In gen¬ 
eral, then, resection has been recommended for all patients with stable, fibronod- 
nlar or more advanced disease if the disease appeared to bo resectable with¬ 
out undue risk. 

The simultaneous bilateral operation has been used for a select fraction of 
lose needing surgerj’. AVc have chosen ambulatoiy patients in relatively 
goo phjsical health who seemed to require no more than segmental I’csec- 
lons on each side. In most cases the gastric cultures were negative and the 
loentgenoiogic appearance had been stable for some time. Young patients 
iieie pie eired. As a matter of fact, however, the patients who had the 
simu taneous bilateral procedure averaged about the same age as the other 

surgical patients. No particular psj’chotic state has contraindicated the opera¬ 
tion. 


PREOPCRATIVn PKCyAR.lTION 

Preoperativo management did not differ from that which preceded uni- 
a era resections. The patients received antibiotics for an average of 12 
mon is (3 to 35 months) before surgery. All had 0,5 Gm. of dihydrostrepto- 
mjom twice a week combined with 200 mg. of isoniazid daily. Five patients 
a so took para-aminosalicylio acid during part of their course. Bed rest has 

proved impractical for most patients -with mental disease and so it was not 
used. 


technique op the sijiuetaneous biuateral resection 

^®*'^'’thal-curare mixture is used for anesthetic induction and endo- 
_ rac eal intubation with the subsequent addition of nitrous oxide and oxygen 
m equal parts. In some cases cyclopropane has replaced this mixture during 
e latter part of the operation. In order to inflate one lung selectively while 
other, a double-lumen Cariens’ tube’ was tested; it worked 
satisfaotorilj-, but is not neeessar)'. Despite tiio use of controlled respiration 
loughout with a single-lumen tube, exposure is not obstructed. 

The patient lies supine on a roll which elevates the chest (Fig. 1, A, B, C) 
a transverse anterior inoision is made as illustrated in Fig. 1, A. In 
'"'Omen, the breasts nearly hide the resulting sear. In men, this cosmetic result 
cannot be achieved so the incision is placed above the nipples. In contrast 
to a posterolateral incision the muscles of the chest wall beneath this incision 
suffer little trauma. It is necessary only to split the pectoralis muscles in or¬ 
der to reach the third interspace. This interspace is then opened bilaterally 
oeforo the sternum is divided transverse!}-. A self-retaining retractor in the 
midiine with another supplementing it on the side under attention provides 
good exposure (Fig. 1, D and E). Occasionally the lower sternal segment will 
press posteriorly against the heart as the wound is opened hut this can bo cor- 
Teeted by patiently adjusting the position of the retractor blades. 
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Pig. l.-Techniaue of the of"SrLclfof ^voman is illustrated. Arms 

are ,,, to the otl.r . or.r^ - ohtaiu 

maximun?^e?po^ul°e" 1 r^fll'of'cloth is placed under the bacK to ele.at 

Exposure obtained upon TO-," tbftaOen^^l u’gl 

obtain"edra-s'l“cSnd°^e|tclM^^^^^ rurfaces are illustrated. 
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Bcsection of botli apices can now proceecl at the same time with two 
operating teams but we usually have not had enough help for this. In any 
case, by doing one side at a time after rotating the table appropriately (Fig. 
1, B and G) a wider held is exposed. 

Other authors have described resection techniques in detail*’ *” so little 
need be added here. Approach from the front altei’s none of the essential 
steps. After cutting the adhe.sions, we divide the arteries to the diseased seg¬ 
ment and then the bronchus. Following this the segment is separated from 
the rest of the lobe as near as possible to the intersegmental plane, mostly by 
blunt finger dissection starting from the root. Small veins that cross the in- 
tersegmental plane are clamped as they are encountered. 

After the resections are completed (Fig. 1, E), two large intercostal 
catheters are fixed in each ehest and the wound is closed. The sternum is 
wired with heavj’ stainless steel (Fig. 1, G) and the muscles are brought to¬ 
gether with gut. The entire operation requires but little longer than a uni¬ 
lateral resection because the wound takes less time than a posterolateral 
wound. 

POSTOPEBATn-E CARE 

Postoperative care demands special vigilance. The mental attitude of the 
insane always complicates care following any operation and a bilateral thora¬ 
cotomy obviously adds special hazards. Chest catheters are stitched in place 
with fishline so that they can be pulled out only with great difficulty and the 
catheters of each side are connected to separate suction systems. Wlien the 
lung fails to fill the hemithorax, an additional catheter may be inserted high, 
anteriorly through a trocar. 

Many mental patients do not obey. They may remain passive and indif¬ 
ferent or they may resist treatment activcl.v. In either case, if they do not 
cough forcefully, a tracheotomy should be made to permit frequent tracheal 
aspiration. 

After recovering from .surgery, the iiaticnts return to the preoperative 
routine. Antibiotics are continued for at least four months postoperative!}- 
and long enough, in any ease, so that a total of twelve months pre- and post¬ 
operative treatment has been given. The patients are not kept in bed. 

Nine months or more following surgery these patients may be discharged 
from isolation if they arc clinicall.v well, if their x-ray examinations are satis¬ 
factory, and if they have had at least 6 negative and no positive gastric culture 
examinations following discontinuance of antibiotics. Further follow-up con¬ 
forms to a routine described previously.*^ 

CLINICAL MATERLVL 

The simultaneous bilateral operation has been done on IG patients with 
no deaths. The sex distribution and age range are .shown in Table I. The 
entire group of 187 mental patients who have had pulmonary reseetions for 
tuberculosis averaged 4G.C years in ag" " u**’- -.i-i— *t.— 

group. 
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Table I. Simultaneous Bilatekal Eesection for Puljionart Tuberculosis 


number of ' 

1 SEX 1 

AVERAGE j 

1 AGE : 

1 RANGE 1 


PATIENTS ! 

1 M 1 

V 1 

AGE j 

! PEATffS 

16 

11 

5 

44 

25 to 56 

0 


One patient was a convict transferred to the tuberculosis unit from prison 
while the others carried psychiatric diagnoses. Ten had schizophrenia and 
they were further classified as follows; paranoid, 6, hebephrenic, 3, and 
catatonic, T. Three were feeble-minded 1 was a manic depressive, and 1 bore 
the diagnosis of chronic brain syndrome plus a nonspecified convulsive dis¬ 
order. 

All but one of the operations conformed to our plan of employing the 
simultaneous bilateral operations for patients who required no more than seg¬ 
mental excisions on each side. The commonest resection, used in 9 patients, 
was an apical-posterior segmental resection on the left with a resection of both 
the apical and posterior segments on the right. In 5 patients more lung tissue 
was removed while in 2, lesser resections proved adequate. Of the 5 in whom 
more tissue was removed, 2 had the operation just described plus wedge resec¬ 
tions of the lingula or superior segment, 1 had the first operation plus resec¬ 
tion of the right superior segment, and in 1, resection of the left anterior segment 
as well as a wedge of the superior segment was added. The fifth had a right 
upper lobectomy and a wedge resection of the superior segment plus resection 
of the left apical-posterior segment. One of the 2 patients who required less 
than the first operation described had an apical-posterior segmental resection 
on the left but only an apical segmental resection on the right. The other had 
an apical and posterior segmental resection on the right plus multiple wedge 
resections on the left. 

Ten patients convalesced uneventfully while 6 suffered various significant 
complications. One man, while unguarded, pulled out all the chest tubes dur¬ 
ing the first postoperative night and he was, moreover, troubled by retained 
respiratory secretions. After new tubes Avere inserted and a tracheotomy was 
performed he recovered satisfactorily. Two other patients failed to cough 
effectively and atelectasis developed. FolloAving tracheotomy both of them 
were relieved of their respiratory difficulty and further trouble was averted. 

Finally, the last 3 patients operated upon, all men, have had a complica¬ 
tion peculiar to the operative incision used. In each of them the sternal repair 
broke down. The skin remained Intact in 1 and though there was some para¬ 
doxical chest motion he was helped by a tracheotomy and maintenance of a 
flexed posture. He had no further complications. In the second patient the 
skin separated after the sternum came apart and the wound opening c i- 
rectly into the superior part of the left pleural cavity. The entire space be¬ 
came infected and in time a bronchopleural fi.stula appeared. He was treated 
with a tracheotomy, drainage, and a partial thoracoplasty; the space disap¬ 
peared and the fistula has finally closed. The last patient in the series also 
had an anterior wound separation and infection foIloAcing a sternal oreak- 
dorni. To begin with, this man was a poor operative risk becaiLse he had dif- 
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fuse, moderately severe pulmonary emphysema and was 52 years old. Despite 
this trouble he is now recovering rapidly, though the wound is not quite 
healed. The separated sternum was brought together by keeping him in a 
sitting position with the thorax flexed. Eespirations were further strength¬ 
ened by using an abdominal binder and by doing a tracheotomy. Fortunately, 
the pleural cavities were not involved in the wotmd breakdown. 

Since the first of these operations was done only fifteen months ago, its 
effectiveness in eradicating the disease cannot yet be measured. Dp to the 
present time, however, none of the patients have snfilcrcd reactivation of their 
disease. Four have been discharged from the tuberculosis unit, 1 is awaiting 
discharge, 5 receive antibiotics no longer and the.v are xmdergoing a series of 
gastric washings for culture examination or await reports on these examina¬ 
tions, and the last 6 patients are still being treated with antibiotics. 

DISCUSSION 

In our complete scries the incidence of bilateral resectious, either staged 
or simultaneous, has been high. Among a total of 187 patients with resec¬ 
tions, 26 have had staged bilateral resections and 16 (the present group) have 
had a simultaneous bilateral operation. Thus 22 per cent of the entire group 
have had bilateral resections and a few more, still in the unilateral group, 
may be candidates for a contralateral resection. Vic have employed resec¬ 
tional .surgerj* freel.v in this special type of patient—State iicntal Hospital in¬ 
mates with tuberculosis—for reasons discussed earlier in the paper. As a con¬ 
sequence we have apparentl.v found a greater need for bilateral resections than 
others.^' It is not yet established that residual caseous nodules of tn- 

bereuloms should all be resected but at least for our special group of patients 
■n'e have assumed that this is the best course. If it is, many patients will need 
bilateral resections and so it is reassuring to know that they can be done "with 
a low risk. Though the fatality rate in the entire group of 1S7 patients who 
underwent resection for tuberculosis was S.6 per cent there -n-ere no deaths 
among the 42 patients who had .staged or simultaneous bilateral resections. It 
must be pointed out, however, that two deaths in the unilateral group were 
in patients who had anterior incisions similar to the incision used for the bilat¬ 
eral operations. Both succumbed on the thirteenth postoperative day, one of 
a pulmonarj- embolism, while the other had bronchopneumonia and atelectasis. 

Sternal separation as a postoperative complication was unexpected. A 
similar .sternal repair did not break doa-n in any of the 27 patients whose 
atrial septal defects were repaired through this type of incision.’^ For the 
heart operations the sternum was usually divided at the fourth rather than the 
third interspace and there may be less strain at this lower level, but this seems 
unlikely. There is another possible explanation. Insane patients often react 
minimally to painful stimuli and they may, therefore, fail to protect an opera¬ 
tive wound as carefully as sane patients do. 'While agitated, insane patients 
move strenuously, treating their operative wounds vith apparent indifference. 
"Whatever the cause, sternal separation can probably be prevented, e\ en among 
mentally agitated men, if a stronger sterna! repair can bo dci-ised. 
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SUMMARY 

1. A simultaneous bilateral resection has been used for pulmonary tu¬ 
berculosis in 16 inmates of a state mental hospital. There were no deaths. 

2 The lungs were exposed through a single anterior, transverse incision 
with transection of the sternum at the third interspace. Except for the in¬ 
cision, technical details of the resections are those of the conventional opera¬ 
tion. 

3. Sternal separation postoperatively complicated the recovery of 3 pa¬ 
tients. 

4. Tuberculosis has not reactivated as yet in any of the patients but the 
first patient was operated upon only fifteen months ago. 
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Discussion 

DR RICHARD H MEADE, Grand Rapids, Mich —rise not to discuss the merits of 
this paper, tv Inch I think is an e>-cellent presentation, but I want to be the first to say 
that I think this is the best presentation we have had Here is a man who has talked to 
jou, who has not read a paper I hope the time will come when tins organization can have 
all papers presented in this manner 

DR G N J SOMMER, Jr, Trenton, N J—I think it is a ver> wonderful thing to 
have this subject—the treatment of tuberculosis in the mentally ill—discu'ised before this 
Association We all know it is a serious problem that js \er> much neglected I boheve 
it IS a problem that can be soUel The solution will come through a treatment program 
in ever} mental hospital and b^ a verj careful program of detection I am rather sur 
prised to read that, in New lork State, the mental institutions have had four or five sur 
veys m the last seven or eight vears I believe it is important that a survej of all the 
patients and emplovees be done tmee a vear in each hospital In our own experience in 
the State Hospital at Trenton, we have, I believe, cut down our incidence of new cases 
developing among our own patients tremcndouslv bj this program, and proper isola 
tion of the patient^ A great manv of our patients with severe tuberculosis are now ad 
mitted from the outside rather than developing tuberculosis within the institution 

To got down to Dr Lewis' paper, I am much impres'sed bj the total number of pa 
tients operated upon I am not surprised in this particular operation of bilateral resection 
that the three most serious complications occurred in the last 3 patients That has been 
my experience About the time I thought that I could get as good results generallj witli 
psychotic patients as with nonpsvcholic patients, I ran into trouble Quite frankly, I am 
not in s>mpathj with the bilaterUl operation, because I have an idea that if he continues 
he IS going to have a greater percentage of serious complications than he thought ho would 
have in the beginning The last 3 patients were those who had sternal separations 

In mj own experience these are difficult patients to operate upon That does not 
deter me and I hope it does not deter any others, but one is certainly going to have more 
trouble I have had enough trouble with unilateral operations without going into bilal 
oral operations at one fitting As Dr Lewis pointed out, the average age of these patients 
IS higher than in nonpsjchotic patients upon whom we all operate I have the feeling 
thwt ■w«i, auwUl gw bwe-k vw of ^wV.ewts •awd. iw the 

older group we find more serious emphysema This is mv expenence, and m talking to 
some of the members of this A«!sociation I understand thev have had similar troubles, it 
leads to more difficulty with air leaks and eventually with bronchial fistulas from the un 
expanded lung For those patients, I have on idea that tlioracoplasty offers a safer method 
of operation 

Several years ago, with my colleagues m two hospitals, we reported a number of cases 
of thoracoplasties with good early results These results have stood up very well, and I 
believe that this is an indication that in a number of older patients we should go back to 
this procedure, once so popular 

DR RICHARD H 0 ^'ERHOLT, Boston, Mass —Since one is often confronted with 
the problem of bilateral surgical disease, it js fortunate that we have heard this presenta 



THE JOURNAL OF THORACIC SURGERY 

tioa today. It may be unfortunate that there are not psychiatrists present so that they 
might hear of a new type of shock therapj% Tliere is no question but that certain pa¬ 
tients with bilateral pulmonary disease may be saved time, money, and considerable dis¬ 
comfort if a bilateral procedure can be accomplished at one sitting. Dr. Lewis and his 
group have been confronted with a captive group of patients. Our experience has been 
with patients who voluntarily elect to come. This has forced us to be deeply concerned 
with morbidity, mortality, complications, total discomfort, and expense. 


Simultaneous bilateral resection—bronchiectasis 


Fig. 2.—Simultaneous 


bilateral resection— tuberculosis. 
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DATE 

Simultaneous Bilateral BESEcnoN 

Total 10 

DIAGNOSIS 

number 

1952 

Bronchiectasis 

3 


Tuberculosis tumor 

1 

1953 

Bronchiectasis 

1 


Tuberculosis 

2 

1954 

Bronchiectasis 

2 

1955 

Bronchiectasis 

1 


Our first operation was performed in Januarj*, 1952. This was for bronchiectasis in¬ 
volving both right and left anterior segments, the middle lobe and the lingula. 

The extent of the resection in the 7 bronchiectasis cases is shown. Four cases had an 
identical pattern. In this group, wo elected to do the right side first and then, if everj'- 
thing went well, wo proceeded immediately with the second, or left side. 

The extent of resection in the 3 cases treated by simultaneous resection for tubercu¬ 
losis is shown. The patient in whom only the posterior segments required removal was a 
young patient with diabetes which was difficult to control. She was four months pregnant. 
There was active cavitary disease. The direct approach appeared to be the surest, safest, 
and quickest way to control the tuberculous complicating factor. 


Simultaneous Bilatepal Besecxiok 


Mortality 

Morbidity 

Average 

Longest 

Shortest 


Total 10 

P. 0. hospital stay 
15 days 
26 days* 

10 days 


0 


There was no mortality and the hospital stay was not significantly longer than for pa* 
tienta undergoing unilateral surgery. 

Dr. Lewis has advised an anterior approach with a division of the sternum. There arc 
reasons why I would not use this method. In the first place, botli cavities are opened in the 
beginning before it can be decided whether or not it is wise to proceed with both resections 
simultaneously. Second, it is safer to have one side sealed before opening the contralateral 
cavity. Third, the division of the sternum is accompanied by more interference uith costal- 
cage action and more pain postoperatively than is found with two independent posterolateral 
wounds. 

DR. JOHN FETTER, Rutland Heights, Mass.—The possible advantages of simultaneous 
resection, particularly in mental patients, arc recognized. We believe, houever, that tlie added 
risk of simultaneous bilateral complications makes staging of the procedures a safer program 
for the average patient. Our reasons for adopting a more conservative program are as 
follows: 

1. Studies in our laboratory and in others have shown that although the loss of func¬ 
tion following resection of up to five segments is usually very small, this loss may be sig¬ 
nificantly greater if pleural or bronchial complications develop. 

2. These complications, though infrequent in well selected cases, remain unpredictable 
in any individual case. 

3. In the event of a significant functional loss following the first resection, interval 
pulmonary function studies may prove helpful in deciding whether or not the contralateral 
resection may bo safely undertaken. If not, the original plan may be changed, either in 
selection of a procedure with low'er risk of added function loss, or no further surgerj'. 

4. The lo-ss of time by .staging the second procedure rarely exceeds tw'o months. 

5. Further resolution of the remaining disease after the first resection may preclude 
the need for a second operation. 

•Only 1 complication—empyema. 
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(slide) I would like to present briefly our series of 32 patients who have had staged 
bilateral surgery at Eutland Heights Veterans Administration Hospital. Twelve patients 
had bilateral resection, 10 had bilateral thoracoplasty, 9 had resection on one side, thoraco¬ 
plasty on the other, and 1 patient had decortication followed later by contralateral thoraco¬ 
plasty. Complete pulmonary function studies were performed on all patients prior to opera¬ 
tion on the contralateral side. 

(slide) There were no operative deaths and no late deaths due to tuberculosis. Two 
patients, both with bilateral thoracoplasties, have died at home of nontuberculous causes 
three years after the second operation. All patients have been followed to date. There 
are no pulmonar}^ cripples. Twentj'-one are at home with negative sputum, one positive. 
Eight patients recently operated upon are still hospitalized, six negative, two positive. 

In summary, we agree that bilateral surgery should be performed when necessary, but 
we believe that even in carefully selected cases, staging of the procedures with interval 
pulmonary function studies is a safer and more w'idelj' applicable policy. 

DR. DENTON A. COOLEY, Houston, Texas.—I congratulate Dr. Lewis on a most in¬ 
teresting paper w'hich poses many fascinating and challenging problems. We have used 
bilateral simultaneous thoracotomy in patients with recurrent spontaneous pneumothorax 
occurring bilaterally. It is well knowm that anterior intercostal incisions provide ade¬ 
quate exposure for pulmonary resections without transecting the sternum. Failure of 
sternal healing could be a serious complication and one which in this case is avoidable 
without interfering appreciably with the surgical exposure by employing separate incisions. 

DR. LAURENCE H. RUBENSTEIN, Chicago, Ill.—^I w'ish to congratulate the authors 
on their bold attack on tuberculosis control in mental institutions. In the State of Illinois 
Mental Hospitals (Kankakee State Hospital), we also feel strongly about surgical treat¬ 
ment for tuberculosis in .the mental patient and have embarked on a surgical program. 
While we have not done simultaneous bilateral resections we have encountered every type 
of surgical problem and have been pleased with the success of such a program. In more 
than 150 cases we have had no deaths. In order to eradicate and control tuberculosis in 
mental institutions we feel an energetic surgical program must be instituted. 

DR. LEWIS (Closing).—I should like to thank the discussants for their kind and 
generally tolerant remarks. I expected a good deal of trouble, actually. I appreciate Dr. 
Cooley’s suggestion about using the anterior approach for other types of lung surgery. We 
have considered it but have not had suitable cases. I would like to point out that that 
incision would probably not be as suitable for lower lung resections, the type Dr. Overholt 
has done through two incisions, because the heart, especially on the left side, seems to ob¬ 
struct a good view of the lower part of the lung root. 

I cannot reply to all the suggestions or answer all the implied criticisms. We have 
not had the facilities for doing lung function studies on these cases, but I do feel that the 
anterior incision actually, if the sternum does not separate, is a much easier incision to 
bear than a one-sided posterolateral incision. 



BLOOD VOLUIIE STUDIES IN PULMONARY TUDVJKXI/jHtK 
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Prank S. Schlbnker, Ph.D. (by invitatio.s) 

Mejiphis, Tenn. 

T he importance of blood volume deficiencies in the chronit-ally ;jj < 
has been stressed in previously published reports’"'' but limitc/J oy.-n 
tions have been made in patients who have ehronie pulmonary tnb<','r'j;'.,/t' 
Despite general knowledge of the problem, designated by Clatk amj 
ates’ as chronic shock, patients with chronic pulmonary tubereuloi,b c-ofjt* > ^ 
to be transferred to the Thoracic Surgical Section of the Veterans AdmSnJ«f,, 
tion Medical Teaching Group Hospital (Kennedy) who, despite loi)f.r 
of hospitalization and treatment, present clinical manifestations of blood loL 
lime deficiency. These symptoms commonly occur in patients with (mboor/;,/ / 
tuberculosis, but are usually interpreted as manifestations of the itmlerlyiny 
pulmonary disease. A survey study of blood volume was undertaken to de, 
termine the fiequency and magnitude of the existing defieiencies. Tlni 
ent report is an evaluation of the blood volume studies in 100 unsclf.ef<<| 
patients with pulmonary tuberculosis who were considered candidates f«^ 
thoracic surgical procedures 

METHOD 

Plasma volume was determined by the Evans blue dye method as de. 
scribed by Gregersen’ and modified by Gibson and Evelyn® for the photo, 
electric colorimeter. 

Hematocrit values were determined by the lYintrobe method and utilize 
in calculating the total blood volume. The normal expected values for blood 
and plasma volumes were found by multiplying the normal average pre-illness 
weight expressed in kilograms by 85 ml. per kilogram and 45 ml. per kilogram 
for blood and plasma volumes respectively.® In the group of patients in whom 
obesity was a factor, prior to illness, the ideal weight based upon the standard 
weight tables for sex, age, and height were used.’ Total hemoglobin mass was 
determined by the formula 

Total blood volume x Hgb/JOO c.c. 

100 

Deficiencies for blood volume, plasma volume, and total hemoglobin mass weie 
determined by subtracting the calculated values from the e.xpectcd values 
based upon the normal or ideal weight. 

Prom the Thoracic Surgical and Laboratory Serrlces, Veterans .vdintntstmtnn 
Teaching- Group Hospital, Blemphls 15, Tenn 

nead at the Thlrty-nfth Annual Meeting of The Anioric.sn .l«.'--vH'Iition fc- 
Surgery at Atlantic City. N. J., April 24 to 26, 1955. 
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CASE ANAUYSIS 

The patients ineludfed in the surveyed groups varied in age from 21 to 64 
years. All patients had an established diagnosis of pulmonary tuberculosis 
varying from one to twelve years and had periods of continuous hospitaliza¬ 
tion varying from nine months to four years prior to the blood volume studies. 
These patients were transferred to the Thoracic Surgical Section of Kennedy 
Hospital from pulmonary disease sections of five hospitals in the South. Se¬ 
lection was made from consecutive admissions of patients who were considered 
to be candidates for either resectional or collapse therapy as an adjunct to their 
course of tuberculosis treatment. 


RESULTS 

In Table I are presented the mean values for blood and plasma volume 
and total hemoglobin mass for a group of 25 normal male adults, and 100 pa¬ 
tients with chronic pulmonary tuberculosis considered to be candidates for 
thoracic surgical therapy. Blood and plasma volumes are expressed in terms 
of cubic centimeters per square meter of body surface and total hemoglobin 
mass in grams per square meter of body surface. The 100 tuberculous pa¬ 
tients were subdivided into two groups: (a) 38 patients who were found to 
have no significant deficit in blood or plasma volume and hemoglobin mass, 
and (b) 62 patients who had significant deficits. Deficiencies of less than 500 
e.e. of whole blood were considered to be wthin the limits of laboratory error 
and were included with the nondeficient group. 


Table I. Blood and Plasma Volume Determinations 


i 

! 

GROUP 1 

NO. 

MEAN BLOOD 
VOLUME 
C.C./SQ.M. 

MEAN PLASMA 
VOLUME 
C.C./SQ.M. 

1 MEAN HEMO- 
1 GLOBIN MASS 
GM./SQ.M. 

I. Normal adult 

25 

2971 

1690 

447“ 

II. Tuberculosis 

100 




normal—Group A 

38 

3064 

1668 

466 

deficient—Group B 

62 

2710 

1532 

379 

Group difference (A - B) 


354 

136 

87 


Blood Volume .—^The mean blood volume for the normal-control group was 
found to be 2,971 e.c. per square meter body surface and 3,064 e.e. per square 
meter body surface for the tuberculosis group (A) which was normal in vol¬ 
ume (Table I). The difierence is not statistically significant. The mean blood 
volume for the deficient tuberculosis group (B) was 2,(10 c.c. per squaie meter 
body surface, a group difference (A minus B) of 354 c.c. pei square meter 
body surface. Although numerically small, this value was an average de¬ 
ficiency of 12 per cent in total blood volume. 

Plasma Kolume.—Comparable mean plasma volumes were found for the 
normal-control group and the nondefieient tuberculosis group (A), the values 
being 1,690 c.c. per square meter body surface and 1,668 c.c. per square meter 
body surface, respectively (Table I). In the deficient group ( ^ ® mean 

plasma volume was found to be 1,532 c.c. per square meter body surface, repre- 
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senting an average group difEerenee (A minus B) of 136 e.e, per square meter 
body surface or S per cent average plasma volume deficiency (Table I). 

The mean values for both blood and plasma volume have been presented 
graphically in Fig. 1. It is to be noted that the mean values for the normal- 
control group and nondefioicnt tuberculosis group are comparable. In the 
deficient group, however, it can be seen that the decrease in blood volume has 
exceeded the fall in plasma volume and represents a relative increase in plasma 
volume of 4 per cent. In no case was the laboratory value for plasma volume 
found to exceed the calculated plasma volume, and attempts to correlate either 
blood or plasma volume with disease activity or nutritional status wore unsuc¬ 
cessful. 


BLOOD VOLUME 



Fig 1. 


Total Uemogloliin Mass .—Compaiison of the mean hemoglobin mass for 
the noimal-oontrol group (447 6m. per square meter body surface) and the 
nondefieient tuberculosis gioup (466 Gm per square meter body surface) re¬ 
veals no significant difference (Tabic I). The average deficiency in total 
hemoglobin mass for the deficient tuberculosis group was 87 Gm. per square 
meter body surface or an average deficiency of 19 per cent. 

The values obtained for total hemoglobin mass have been presented graph¬ 
ically in Fig. 2 for the 100 cases of pulmonary tuberculosis. The deficient 
group of 62 eases was further subdivided into Group A, deficient by calcula¬ 
tion but without excessive weight loss and only moderate pulmonary involve¬ 
ment, and Group B with weight losses in excess of 20 per cent body weight 
or with more extensive pulmonary involvement than was seen in Group A. 
The mean hemoglobin mass for the entire group of 62 eases found to be de¬ 
ficient was 379 Gra. per square meter body surface (Fig. 2). Thirty-one eases 
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could be classified in Group A with an average total hemoglobin mass of 378 
Gm. per square meter body surface and 31 cases in Group B with an average 
emoglobin mass of 381 Gm. per square meter body surface. Although the 
major individual ease deficiencies in total hemoglobin mass were found in 
Group B this is not apparent from the average values, indicating either a 
considerable group variation or a poor correlation with surface area. 


TUBERCULOSIS 
HEMOGLOBIN MASS DEFICIT 
(100 Coses) 



NON DEFICIENT 


(no wgt loss)(wgt. loss or 
odvonced fbc) 

DEFICIENT PULMONARY TBC 


Fig. 2. 


Inasmuch as the major deficiency between the normal-control group and 
the deficient tuberculosis group was in total hemoglobin mass with an average 
deficiency of 19 per cent, this value was selected for further analysis. In view 
of'the average decrease in blood volume of 12 per cent in the deficient tuber¬ 
culous group, it is apparent that total hemoglobin mass replacement would be 
limited by the deficiency in total blood volume. Therefore, replacement ther¬ 
apy should consist of both whole citrated blood and washed red blood cells 
suspended in isotonic saline solution. 

Pig. 3 presents the hemoglobin mass i-equirements for the 100 tuberculous 
patients included in this study. The deficiency is expressed in the hemoglobin 
equivalent of 500 c.e. of blood (15 Gm. hemoglobin equivalent to 100 c.c. whole 
blood). Sixteen patients required the hemoglobin equivalent of 500 c.e. of 
whole blood; 23 patients required 1,000 c.e.; 15 required 1,500 c.c.; 5 patients 
2,000 c.c.; and 3 required 2,500 c.c. In summation, 62 per cent of the 100 pa¬ 
tients required the hemoglobin equivalent of 500 c.c. or more of blood; 46 
per cent required 1,000 c.c. or more; 23 per cent required 1,500 c.c. or more; 
and 8 per cent required 2,000 c.c. or more. 

In each of the 38 cases included in the nondeficient group (A) the hemo¬ 
gram was normal. In the 62 eases ivith blood volume deficiencies (Group B), 
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normal values for recl-eell count, licmoglobin, and hematoml were rcf/ortcd iti 
50 per cent, and the remaining 50 per cent were below the expected jior/a/d 
values. The reported laboratory values in general failed to retleet the degiee 
of deficiency either in blood volume or hemoglobin ma.ss. The variation in 
blood volume and plasma volume seen in Fig. 1 has been described eb;e, 
where*' ” and explains why routine laboratory values misrejiresent the true 
hematologic status. 


TUBERCULOSIS 
HEMOGLOBIN MASS DEFICIT 
(100 Cases) 



DEFICIENCr HEMOGLOBIN MASS 
(ISGm Haba lOOcc Whole Blood) 


Fie. 3. 


It has been reported* that a clinical history of weight loss has oo)isislei)tly 
indicated a reduction in blood volume and total circulating hemoglobin muss 
The grouping of the 38 cases of tuberculosi.s with normal blood volume and 
62 eases deficient in blood volume with refei'enee to weight loss is .shown in 
Table 11. There were 12 cases (32 per cent) in which the recorded weight loss 
was 10 per cent or more in the nondelicicnt group and 23 cases (37 per cent) 
in which the weight losses were 10 per cent or more in the deficient group 


TabIaE II. Pulmonary ToiiERCULOsrs (100 Cases) 


V, FIGUT LOSS 

1 0% 

1 10% 1 

! 20% 1 

1 307^ 

i 40^ 

Normal blood volume 

26 

7 

5 

0 


Deficient blood volume 

39 

9 

12 

1 

1 


However, the major portion of these was in excess of 20 per cent total weight 
loss. It is apparent that weight loss fails to identify the iiatient witli a blood 
volume deficiency, but Avhen a major weight loss is present a deficiency must 
he suspected. 

evsn REPORTS 

Case 1.—A 27 jearolrl Mlnte man li<vl liad a diagnosis of pulnionan tuherenJo-?!*? since 
October, 1952. ITi'i height nas 68 inches; avenage normal neight, 125 p.tunrN loitinl 
apy consisted of bed rest, streptomycin and isoniazid in combinati n mth para amino- 
salicylic acid. The sputum was persistently positive for acid-fast bacilli. Os -Teb. 
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right decortication and upper lobectomy were performed. The postoperative course was 
complicated by a persistent bronchopleural fistula which was controlled by a right 5-rib 
thoracoplasty on Peb. 20, 1953; modified Sehede thoracoplasty on March 13, 1953, and final 
revision thoracoplasty on April 27, 1953. During this period of treatment, a weight loss 
of 19 pounds was recorded. At the time of transfer to another hospital for continued 
treatment, hemoglobin was reported as 11.8 Gm./lOO c.e. During the ensuing two months, 
he .failed to gain weight and hemoglobin values of 11 to 12 Gm./lOO e.c. were recorded. 
No effort was made to correct his deficiency. He was returned to Kennedy Hospital for 
treatment of right costal-arch chondritis and draining sinus on July 20, 1953, The sputum 
had remained negative for acid-fast bacilli after the lobectomy. 

Examination revealed a pale, apathetic, white man appearing chronically ill. The 
superficial veins of the extremities were collapsed. It was noted that he spent much of 
his time in bed and his appetite was poor. 



Laboratory Bata (July 21, 1953). —Ked-cell count, 4.9 million; hemoglobin, 13 Gm.; 
hematocrit, 43 mm. Because of these findings, an initial transfusion of 500 c.c. of whole 
blood was given after which blood volume studies were done using the T-1S24 or Evans 
blue dye method. A residual deficiency of 573 c.e. or 16 per cent in blood volume was 
found and a deficiency of 192 Gm. of hemoglobin or 24 per cent of the expected hemo¬ 
globin mass. He was given 500 c.c. of whole blood and 500 c.c. of washed red blood cells 
suspended in saline solution. The weight-laboratory correlation is recorded in Fig. 4. 
There was an immediate return of appetite, requiring an increase in caloric intake to 
5 000 calories, and a progressive weight gain became apparent. He became jovial, am¬ 
bitious and overly active, making enforcement of the rest requirement difficult. Surgery 
was performed for the correction of the osteochondritis and chronic draining sinus; and 
at the time of discharge on Jan. 15, 1954, he had regained 21 pounds in weight. 

Commeiit—Tbis patient had developed an accumulative blood volume de¬ 
ficiency foUowing a series of operations for removal of the right upper lobe of 
the lung and control of a complicating bronchopleural fistula. Satisfactory 
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restoration of blood volume had never been accomplished. Despite consist¬ 
ently negative sputum following the initial procedure, the manifestations of 
a blood volume deficiency persisted, i.e., pallor, superficial venous collapse, 
apathy, anorexia, lack of enthusiasm and energy, easy fatigability, and in¬ 
ability to regain a major weight loss. It is possible that with the passage of 
time the deficiency would have been corrected, but it is apparent from our 
observations that the patient’s clinical course was rapidly reversed by volu¬ 
metric blood volume replacement. 

Case 2.—A 28-yGar-old Negro man was admitted on Sept. 6, 1951, following six months 
of bed rest for diagnosed pulmonary tuberculosis. X*ray examination of the chest revealed 
far-advanced involvement of both lungs. The sputum was positive for acid-fast bacilli. 
Laboratory work at the time of admission: red-cell count, 2.3 million; hemoglobin, 6.9 
Gm. The patient received streptomycin, 1 Gm. daily; PA8, 12 Gm. daily; and Chloro¬ 
mycetin, 1 Gm. daily. He was given 1,000 c.c. of citratod blood. Thereafter, he developed 
resistance to streptomycin and PAS and was given subsequent courses of aldinamide, 
INH, and viomycin. Resistance developed to all drugs with the exception of viomycin. 
Bronchoscopy was performed which revealed a profuse mucopurulent bronchial secretion 
and acute inflammatory changes involving the left main bronclius. The patient remained 
seriously ill and developed a psychosis manifested by a fetal position in bed accompanied 
by speech and thought impairment. His general condition thereafter slowly improved. 
The sputum remained positive for acid-fast bacilU by smear and culture. During the 
period of acute illness, he developed flexion contractures of both knees which were par¬ 
tially corrected by active and passive exercises and the use of plaster splints. He had 
been completely bedfast for approximately one year prior to the time of transfer to the 
Thoracic Surgical Section on Jan. 8, 1954. At that time, examination revealed a mentally 
dull, apathetic, Negro man with evidence Of marked muscular wasting. There were 
pallor of the conjunctiva and mucous membranes and evidence of peripheral superficial 
venous collapse. It was estimated that his weight was appro.ximately 100 pounds in con¬ 
trast to his normal weight of IGO pounds. X-ray o.xamination of the chest revealed far- 
advanced bilateral tuberculosis with extensive cavitation of the left upper lobe. 

Laboratory Data (Jan, 8, 1954). —^Red-cell count, 4.22 million; hemoglobin, 11.4 Gm.; 
hematocrit, 37 mm.; sedimentation rate, 34 mm. per hour corrected. A blood volume de¬ 
termination was performed oa Feb. 10, 1954, utilizing the T'l824 method and the following 
deficiencies calculated: total blood volume, 993 c.c. or IG per cent of normal; plasma vol¬ 
ume, 210 c.c. or 6 per cent of normal; total hemoglobin mass, 269 Gm. or 28 per cent of 
normal. It was estimated that blood replacement requirements would be 500 ml. of whole 
blood plus 1,500 ml. of washed red blood cells suspended in normal saline solution. 

Transfusions of 500 c.c. of citrated blood were given on Feb. 12, 1954, and on Feb. 
15, 1954, followed by a total of 1,500 c.c. of washed red blood cells. 

After the final transfusion, the following laboratory reports were recorded; red- 
cell count, 5.9 million; hemoglobin, 15.6 Gm.; hematocrit, 49 mm. The patient became 
mentally alert, physically stronger, and ho required a 5,000 calorie diet as his appetite 
improved remarkably. He was able to sit in a wheelchair daily for increasing periods. A 
progressive weight gain was noted for the first time. It was possible to perform a left 
anterior-stage thoracoplasty on Feb. IS, 1954; first-stage posterior thoracoplasty on March 
15, 1954; second-stage posterior thoracoplasty on April 20, 1954; and third-stage posterior 
thoracoplasty on May 18, 1954. Adequate blood transfusion replacements were given 
during each operative procedure and all procedures were tolerated well. The sputum re¬ 
mained positive and the patient was returned to the Jledical Tuberculosis Section on 
June 3, 1954. At that time, the red-cell count was 5.02 million; hemoglobin, I3.S Gm.; 
hematocrit, 44 mm. During the subsequent period of observation, the patient has contin¬ 
ued to have an excellent appetite and his mental outlook has been markedly improved. 
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He has regained approximately 40 pounds in iveight. Sputum examinations have re¬ 
mained positive for acid-fast bacilli bj"- concentration and culture. Because of far- 
advanced bilateral pulmonary tuberculosis, he was not considered a candidate for further 
surgical therapy. 

Comment .—This patient had shown a poor response to therapy until the 
time of blood volume replacement. He had lost an excessive amount of weight 
and had been bedfast for approximately one year. Despite a calculated total 
blood volume deficiency of 993 c.e. and a total hemoglobin mass deficiency of 
269 Gm., it was found that 1,000 e.c. of citrated blood and 1,500 c.c. of washed 
red blood cells were required. Pollotving the total replacement of approxi¬ 
mately 375 Gm. of hemoglobin, the laboratory values returned to the normal 
range and the patient’s clinical course was reversed despite the presence of 
far-advanced active pulmonary tuberculosis. 

DISCUSSION 

Analysis of the blood volume, plasma volume, and hemoglobin mass de¬ 
ficiencies in this group of 100 eases of pulmonary tuberculosis revealed that 
62 per cent of the total group had replaceable hemoglobin deficiencies equiv¬ 
alent to 500 c.e. or more of blood. Sixteen per cent of the total group required 
one transfusion of 500 c.e. (Pig. 2). In this group, there were no clinical 
manifestations of the deficiency and this would be of importance only when 
computing blood replacement requirements at the operating table. Porty-six 
per cent of the group required the hemoglobin equivalent of 1,000 c.c. or more 
of blood. These are major blood volume deficiencies and the clinical manifes¬ 
tations of the deficiency are usually present. This figure becomes more sig¬ 
nificant when interpreted in terms of expected total hemoglobin mass when a 
1,000 c.e. deficiency could represent a deficiency of 20 to 30 per cent of the 
normal value in the individual case. It was surprising to find that 23 per 
cent of the total group required 1,500 c.c. or more of blood and 8 per cent 
required 2,000 c.c. or more. It is apparent that despite continuous hospitaliza¬ 
tion and treatment for pulmonary tuberculosis, the clinical evidence of these 
deficiencies was mistaken for manifestations of the pulmonary tuberculosis 
and that the inaccuracy of the red-cell count, hemoglobin, and hematocrit had 
not been considered. One can only speculate concerning the duration of these 
deficiencies in blood volume and how the patient’s clinical course would have 
been altered if volumetric blood replacement had been accomplished earlier in 
the course of the illness. It appears from the frequency of total blood volume 
deficiencies that this important phase of supportive treatment for a chronic 
illness had been neglected. 

Weight loss alone failed to isolate accurately those cases with a major 
blood volume deficiency although it was noted that a weight loss of 20 per 
cent or more of body weight usually reflected a major deficiency. Exaimna- 
tion of Tables I and II indicates that 5 patients of the group (A), 38 patients 
with normal calculated blood volum.es, had weight losses of 20 per cent or 
more which makes it impossible to formulate any absolute rule relative to 
the weight loss-blood volume relationship. 
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It appears then that tlie best method of detecting a major blood volume 
deficieney is by clinical observation of the patient. The clinical picture is 
constant and is characterized by anorexia, lack of energy, easy fatigability, 
lassitude, inability to regain weight losses or maintain a constant weight, and 
pallor of the facies and conjnnetivac. A valuable sign that we have seen with 
regularity is a collapse of the peripheral superficial veins. Despite the use of 
a tourniquet, the veins of the arm fail to distend and venepuncture is difficult. 
These signs and symptoms have been considered to be a manifestation of the 
chronic pulmonary disease. This is easily disproved because this group of 
signs and symptoms can be completely eliminated in the majority of eases. 
Total blood volume and hemoglobin mass replacement is usually followed by 
a return of appetite which requires an increase in caloric intake, renewed 
energy, and enthusiasm for life, and a reversal of the weight curve. The list¬ 
less patient who spends much of his time resting in bed has been observed to 
become a disciplinary problem because of the additional energy which makes 
it difficult for him to conform to the usual rest requirements. 

A quantitative method for determination of blood volume deficiency must 
be available. The Evans blue dye method (T-1824) was selected for the basic 
plasma volume determinations for the folloiving reasons. The method is read¬ 
ily adapted to the average laboratoiy and gives reproducible results in serial 
determinations. Reports in the literature comparing the results of T-1824 
plasma volume determinations and the I‘” labeled human serum albumin 
method indicate that the re.sults obtained by the two methods were not sta¬ 
tistically different.^' The reports of Storaasli and Aust and their co- 
workers’'' ” suggest that the plasma volume value obtained by the I"’ method 
is lower than by the Evans blue dye method. Blood studies utilizing radio¬ 
active Cr” tagged red blood cells are said to yield a blood volume value 16.3 
per cent lower than those obtained by the T-1824 method.” Since chronic 
pulmonary tuberculosis presents the problem of a diminished pulmonary re¬ 
serve and poor tolerance of a vascular overload, the error introduced by the 
relatively higher value obtained by the T-1824 method and used in the cal¬ 
culation of the deficiency would result in an error which would tend toward 
undertransfusion rather than vascular or'erload. 

Despite arguments relative to the method utilized to determine plasma 
and blood volume, the major problem today in the calculation of the indi¬ 
vidual deficiency is expressed by the question, "What represents this patient’s 
normal expected blood volume?” Rowntree and Brown” and Gibson and 
Evans” concluded that the blood volume had a more constant relationship to 
body surface than to weight. Accumulated data presented by Gregersen’ and 
Clark and associates’ indicate that a close relationship exists between blood 
volume and body weight and that normal values for blood volume may be cal¬ 
culated safely from observed weight. An analysis of thirty-eight normal 
blood volume determinations reported here revealed an average blood volume 
of 81 c.e., plus or minus 9 c.c. per kilogram of body weight with a range of 
54 e.e. to 98 c.c. per kilogram and an average plasma volume of 44 c.e., plus 
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or minus 7 c.c. per kilogram of body weight with a range of 38 c.e. to 55 c.c, 
per kilogram of body weight. Although the average values of 81 c.c. per 
kilogram for blood volume and 44 c.c. per kilogram plasma volume agree with 
average values reported by Gregerseu^ of 85 c.c. and 45 c.c. per kilogram, 
respectively, and those reported by Clark^ of 82 c.c. and 45.5 c.c. per kilogram, 
respectively, it is apparent from the variation of one standard deviation that 
the correlation with weight is poor. If the values of 85 c.c. per kilogram of 
body weight for blood volume, and 45 c.e. per kilogram for plasma volume are 
accepted, it must be realized that the calculated blood and plasma volumes 
must represent only an approximation of the actual value. This must be con¬ 
sidered in volumetric blood replacement and careful control of replacement 
utilized in order to prevent circulatory overload. The calculation of the nor-' 
mal expected blood volume based upon the normal weight or ideal weight for 
height, sex, and age represents the greatest source of error in the calculation 
of blood volume deficiencies. 

"When the actual deficiency has been calculated and replacement require¬ 
ments for whole blood and washed red blood cells have been established, a 
replacement plan must be utilized. It has been our policy to replace one half 
of the calculated deficiency -without hesitation. Transfusions thereafter are 
given at weekly intervals at the rate of 100 c.c. per hour with careful check 
of the patient’s blood pressure and pulse. In the interval between trans¬ 
fusions, red-cell counts, hemoglobin and hematocrit determinations are ob¬ 
tained. While these values remain within the normal expected limits, blood 
replacement is continued, but with the first indication of elevated values, re¬ 
placement therapy is assumed to be completed. Using this system we have 
had no evidence of circulatory overload. 

The final question to be answered then is, “Does the clinical benefit de¬ 
rived from total blood volume replacement offset the inherent dangers of 
intravenous blood transfusion today?” During the past seven years, trans¬ 
fusions of citrated blood have been given at this hospital wth an average re¬ 
action rate of 1.65 per cent. These were classified as minor reactions char¬ 
acterized by chills, fever, and urticaria. There was no record of a major 
hemolytic reaction secondary to the administration of incompatible blood 
through either laboratory or handling errors. Thompson and Sutliff^^ re¬ 
ported 32 cases of viral hepatitis following blood transfusion from a total of 
13,567 transfusions of 500 c.c. citrated blood administered at Kennedy Hos¬ 
pital between 1947 and 1951. Twenty of this group had also received irradi¬ 
ated or nonirradiated plasma. The ratios of viral hepatitis eases to units of 
infusion reported by those authors were irradiated plasma 1:258, nonirradi¬ 
ated plasma 1 ;116, and blood 1 ;424. During the past three years, there have 
been 2 cases of viral hepatitis folloAving blood transfusion on our service with 
fuU recovery in each ease. No major hemolytic reactions have occurred. It 
is felt that the ebnical benefits of volumetric blood replacement far exceed 

the inherent dangers of transfusion. _ . , . 

Numerous authors^-® have presented the problem of diminished circulating 
blood volume in the chronically ill patient and the surgical significance of 
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reduced blood volume has been stressed by Clark and co-ivorkeisl This has 
been desciibed as chronic shock. It has been demonstrated that restoration 
of blood volume must precede significant recovery in weight. Holman and 
associates* have demonstrated that when deficiencies of both hemoglobin and 
tissue protein exist the restoration of protein deficits can be augmented by 
the coriection of the anemia. IVe have seen this piinciple demonstrated fol¬ 
lowing blood volume restoration in our patients In view of the surgical sig¬ 
nificance of major blood volume deficiency and its effect upon the normal 
reparative piocesses in ehionie disease, the importance of replacement of blood 
volume deficits cannot be too strongly emphasized. 

SUMMARY 

Significant replaceable deficiencies in blood volume, plasma volume and 
hemoglobin mass have been found in 62 per cent of a survey series of 100 
unselected patients with pulmonarj’- tuberculosis presented as candidates for 
thoracic sui'gery. Average deficiencies found were 12 per cent in blood vol¬ 
ume, 19 per cent in hemoglobin mass, and 8 per cent in plasma volume. 

The major deficiency was in hemoglobin mass and exceeded the hemo¬ 
globin equivalent of 500 c c of whole blood in 62 per cent of the total series; 
1,000 0 c in 46 per cent of the series; 1,500 c.c of blood in 23 per cent; and 
2,000 e.c. in 8 per cent of the entire group. 

Blood volume determination is the best method available for evaluating 
volumetric deficiencies and should be employed in chronic pulmonary tubei- 
eulosis in older to provide better supportive theiapy in both the medical and 
surgical phases of treatment. 

A discussion of the problems associated with volumetiic blood replace¬ 
ment therapy is presented. 
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Discussion 


DE. LEO ELOESSEE, San Francisco, Calif.—^It is difficult for me and perhaps for 
others to follow Dr. Kehne in mathematical considerations involved in these studies. 
Might I ask him please to explain to us why he selects as a modality the relation of the 
blood volume to the body surface rather than the body weight; or, indeed, why he selects 
that modality at all in preference to just an ordinary hemoglobin percentage determina¬ 
tion. 

DE. KEHNE (Closing).—There are numerous reports in the literature related to 
the method volumetric e.xpression of blood and plasma volume, and there are some authors 
who have found that the correlation of blood volume and plasma volume with body weight 
is best. There are others who maintain that the correlation with body surface, which 
takes into account both height and weight, gives the best correlation. We have studied 
about 250 patients and have found that the obesity factor introduces a special problem. 
In patients weighing 160 pounds or more no correlation could be found between blood 
volume and weight. It has been suggested that the use of a blood volume-weight correla¬ 
tion based upon the standard weight tables is necessarj- in the obese patient. In our hands 
the blood volume-body surface correlation was not entirely satisfactory, but was best in 
the universal group. The major problem in the calculation of blood volume deficiencies 
is that it is difficult to' establish what constitutes the normal blood volume for a given 
person unless we have had a preliminarj' determination in the normal healthy state. 

The second question is what advantage the total blood volume method has over the 
usual laboratory determinations. Slide 2 presents the change we see in the chronically 
deficient patient. We found an average deficiency of 12 per cent in total blood volume 
and an 8 per cent deficiency in plasma volume. This implies a changing relationship 
between the total plasma volume and the total blood volume. Laboratory values for the 
usual cell counts and hematocrit could be valid only if the plasma volume remained 
unchanged from the normal state. The failure of the usual laboratory determinations to 
identify the deficient patient is further demonstrated by the fact that 50 per cent of the 
deficient patients had normal laboratory values. It has been amply demonstrated in the 
literature that in the presence of this changing relationship between total blood and 
plasma volume, the usual laboratory values are invalidated. 



VENTILATORY PROBLEMS IN THORACIC ANESTHESIA 

A VOLUME-CrcLlNG DEVICE FOB CONTROLLED RESPIRATION 

Viking Olov Bjork, M.D., Cabl-Gunnar Engstroji, M.D., Olle Friberg, M.D., 
Hans Peychtino, iVLD., and Alvar Swensson, M.D. 

Stockholh, Siveden 


I N THORACIC surgery the anestlicsia offers important pliysiologic and praeti- 
eal problems, the successful solution of which contributes greatly to the 
total result of the surgical treatment. The institution of controlled respiration 
in intrathoracic operations has made these operations safer for the patient. 
It counteracts paradoxical breathing, mediastinal flutter, and the harmful 
effect of pendulum air. In addition, the operative procedure is greatly facili¬ 
tated for the surgeon. In spite of this, the establishment of an adequate 
gaseous exchange is still a major problem in the anesthesia techniques used 
hitherto. 

PHYSIOLOGIC PRINCIPLE.? OP I’ENTILATION AND CIRCULATION 


In physiologic conditions, the pCOj action on the breathing center auto¬ 
matically maintains an adequate alveolar ventilation. During anesthesia with 
controlled respiration, this sensitive mechanism for regulation of the ventilation 
is out of action; the responsibility is taken over by the anesthesiologist. 

By the administration of a high oxygen percentage in the gas mixture and 
in the absence of circulatory shunts, arterial hypoxemia is prevented even if 
there is serious hjqioventilation. This is clearly demonstrated in experiments 
with diffusion respiration.'’" For the proper elimination of COz, on the other 
hand, an adequate alveolar ventilation is necessary. Hypoventilation udll result 
in a respiratory acidosis; hyperventilation in a respiratory alkalosis. Both these 
conditions, often difficult to recognize without the help of complicated analysis 
of the arterial blood, are dangerous to the patient. In both conditions the circu¬ 
lation is impaired. If corrective measures are not undertaken, circulatory col¬ 
lapse may supervene. 

The gaseous exchange between the lungs and the blood is a diffusion process 
through the alveolar-capillary membranes. As the CO; is highly diffusible 
through wet membranes, the arterial pCOi is the same as the pCOz of the 
alveolar gas to which blood is exposed during its passage through the lung capil¬ 
laries. For a given patient with a constant CO. production, in absence of 
circulatory shunts, the arterial pCO. is a direct function of the magnitude of 
the alveolar ventilation. Changes in alveolar ventilation will cause changes 
in the alveolar and arterial pCOz, inversely proportional to the magnitude of 
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alveolar ventilation. Tlie amount of free carbonic acid in the plasma 
varies proportionally to its partial pressure. The acid-base balance in the 
blood plasma is regulated by the buffer system bicarbonate—free carbonic 
acid. The relationship between the pH and the content of free carbonic acid 
and bicarbonate in the plasma is expressed in the Henderson-Hasselbalch 
equation 


pH = pK' + log (pK' = a constant 6.107 at 37” C.). 

The total plasma COo = BHCOs + H 2 CO 3 . If the total plasma CO 2 is expressed 
in volumes per cent and the free carbonic acid in mm. Hg, the formula is written: 

pH = pH' 4 . log CO. Vol % ~ (0-1316 • a • pCO,) 

0.1316 • a • pCO. 

(a = the solubility coefficient of COj in plasma = 0.521 at 37° C.). 

From this equation it is seen that there is a normal pH (7.38-7.41) when 


the ratio 


BHCO3 

H2CO3 


is about 20:1, independent of the absolute values of the 


numerator and the denominator; and inadequate alveolar ventilation will 
cause a change in the ratio with displacement of the pH. A respiratory acido¬ 
sis or alkalosis thus occurs. To a certain extent a compensatory retention or 
elimination of basic ions available for combining with CO 3 to bicarbonate takes 
place. This may result in a disturbance in the balance of the electrolytes. 

The effect on the circulation of pressure breathing in the closed thorax de¬ 
pends on the mean pressures applied to the airways.^ The importance of a 
negative phase in pressure breathing to keep the mean pressure on a low level 
is widely accepted in order to avoid harmful effect on the circulation.®’ ® A cer¬ 
tain fraction of the intrapulmonary pressure is transmitted to the right auricle 
and the big central veins witli a tendency to. decrease the venous pressure gradi- 
' ent and thereby even the venous return and the cardiae output. In the presence 
of normal circulation, this effect is counteracted by a compensatory increase of 
the peripheral venous pressure, reconstituting the venous gradient. The abilitj^ 
to reconstitute the venous pressure gradient is dependent on normal functioning 
vasomotor reflexes and the presence of a normal circulating blood volume. In 
the open thoi’ax, the effect on the circulation of a negative phase and a low mean 
pressure may be less. The expiratory resistance imposed by a narrow endo¬ 
tracheal tube may lead to an increase in the functional residual air. This can 
be overcome if the respirator applies negative pressure during expiration. The 
resultant prevention of excessive lung expansion is often of practical value to 
the surgeon. 

Based on these physiologic principles of ventilation and circulation a 
method for controlled respiration in thoracic anesthesia has been worked out. 


METHOD 

First it is essential to find out the patient’s minute ventilation at rest be¬ 
fore the operation. It can be calculated fairly accurately^ and most comfortably 
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by use of a vontilatoiy nomogram.® It is even better irith a direct measurement, 
especially in patients with impaired pulmonary function. 

Controlled respiration with the obtained values for ventilation is adminis¬ 
trated by a respirator designed by Engstrom in 1951,®'*’ which is adapted for 



FJp. 1 —For legend see p IZO. 


giving anesthetics by adding a special rotameter attachment for N 2 O and 0, 
(Pigs. 1 and 2). The gas mixture is insufflated into the air passages in a semt- 
open system (no rebreathing). The respirator is different in principle from the 
usual tj-pes of devices for automatic ventilation during anesthesia. All such 
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machines in common nse are regulated by adjustment of a peak pressure setting 
and the voliune is estimated by the anesthesiologist. This unit, on the other 
hand, delivers a pre-set minute volume at a pre-set respiratory frequency. If 
the respiratory frequency is changed the pre-set minute volume will not alter. 
The resultant tidal volume is then calculated from the respiratory frequency 
and the minute volume. The pressure required to deliver this minute volume 
will vary from individual to individual; and in the same individual from time 
to time, since it is determined by the phj^sical characteristics of the lung and chest 
wall. An increase of the pressure required to force a given volume of gas 
into the patient’s lungs means an alteration of these mechanical factors. An 
increased resistance to insufflation tvill lead to an increased inspiratory pressure 
and a prolongation of the phase of inspiration. This will result in a slowing of 
the rate of gas flow which ivill permit the same gas volume to he insufflated with 



Figs. 1 and 2.—The compressor (i), which is driven by an electrical A. C. motor, con¬ 
sists of a double cylinder with independent valve systems (J, S, lo, 11) for both pressure 
chambers. The frequency of the compressor piston is regulated by a stepless mechanical 
variator (29) by which the respiratory frequency can be regulated between 10 and 30 cyides 
per minute. Tiie pressures from the rig’ht part of the compressor are transmitted to a chamber 
with ri&id walls containing a rubber bag. When the piston moves to the left a definite volume 
of air per time-unit is sucked into the rubber bag (5) through an adjustable, calibrated inlet 
valve iH), or the anesthetic gas passes from the rotameters (20) into the rubber bag. U nen 
the piston moves in the opposite direction the rubber bag is squeezed and the gas insurnaiea 
into the air passages of the patient. On the way it passes a waterlock (21). a 
trolled expiratory valve (ll), which during the inspiratory phase closes the expirato^ pas¬ 
sage. and a humidifier (26). Before the piston comes to the end of the f” ^^"tomatic 

pressure release on the piston shaft is opened, which causes a raind drop 

the pressures squeezing the rubber bag are set to a higher value than the pres^sure fiuctuauon 
on the manometer in the waterlock the rubber bag will he deflated before the pisto me 
to the end of the stroke. Thus, there will exist a pressure "reserve 

the rubber bag, which will be used to overcome any increased re.sistanoe m the patie^^ cir 
cult. The left part of the compressor cylinder supplies the Positne Pressure fi^uctuations or 
operation of the ventury (9) which in turn applies an intermittent negatne .° J’’® 

atmospheric side of the expiratorj- valve. This is transmitted to the airrvay and empties the 
patient’s lungs. 





BJORK ET AI..: VENTILATORY PROBLEMS IN THORACIC ANESTHESIA 121 




122 


THE JOURNAL OP THORACIC SURGERY 


a comparatively smaller pressure increase. This automatic pressure adjustment 
and adjustment of the rate of gas flow is most important for the successful man¬ 
agement of prolonged artificial ventilation in patients with unfavorable factors 
for the ventilation. The development of dangerous pressures is prevented by 
a water level safety valve system. Similarly, the negative pressure applied 
during exsufflation can be regulated. Thus, the mean mask pressure can be 
kept at a low level (in normal lungs down to zero pressure). By application 
of a regulating expiratory resistance, it is also possible to operate with high 
mean mask pressure and with the lungs in expanded position. In spite of 
this, the patient will get the same amount of ventilation until the safety pres¬ 
sure is reached and gas escapes through the waterlock. Thus, the mean mash 
pressure and hereby even the level of the functional residual air can be closely 
controlled in the presence of a constant minute volume (Pig. 3). The expiratory 
volume can be measured to control leakage, if any. The composition of the gas 
mixture to the patient is exactly knovm. 

COMMENT 

Empirically, it is impossible to estimate whether or not the ventilation to 
a patient under anesthesia is adequate. Several authors have reported severe 
disturbances in the acid-base balance during thoracic anesthesia.*^'*® As methods 
for controlling the ventilation by measuring the gas tensions in the arterial 
blood or alveolar gas are not convenient for practical use, the best method is to 
control the ventilatory volumes which may serve as a satisfactory index of the 
adequacy of ventilation. 

Different systems may allow volume-recording apparatus (spirometers, 
pneumotachographs) to be built in. In systems so far used which are pressure 
controlled, the minute volume will alter according to the alterations in the 
mechanical factors of the pulmonary ventilation. By use of the described 
volume-cycling device the patient receives a predetermined ventilartory volume 
satisfactorily corresponding to his requirements. This is maintained during 
the operation in spite of variations in the mechanical factors caused by pres¬ 
sure on the lung, traction on the bronchi, and so on. 

The described method for controlled respiration has been used in about 
70 major intrathoracic interventions in patients most of whom had impaired 
pulmonary function. By this method it has been possible in 1 patient to keep 
his ventilation adequate during operation on the only remaining lung, beg- 
mental resection of the left upper lobe was performed. In another patient, 
both upper lobes Avere removed in the same stage. Even in "bad risk pa¬ 
tients, the blood pressure and pulse rate haim remained remarkably steady 
during operations lasting for as long as nine hours, indicating that a good 
circulation has been maintained. 

It is often stated that patients in poor condition should receive the high¬ 
est possible concentration of oxygen in the inspired atmosphere during the 
operation. Potent anesthetic agents, Avhich alloiv an oxygen percentage ot 
80, 90, even 95 per cent, are often advocated. It may be questioned ivhether 
this attitude is quite correct. In our opinion, it is preferable to ensure ade- 



BJORK ET AL.: N’ENTIl.ATORY PROBLEJIS IN THORACIC ANESTHESIA 123 


quate ventilation vitli sufficient but not excessive oxygen concentration, since 
then the possibility of hypercapnia -will be avoided. Onr results in poor-risk 
patients ivith N-O as the anesthetic agent seem to justify such an opinion. 

In cases with respiratory insufSeiency during the immediate postoperative 
period after pulmonary resections, the same demce is successfully used for 
artificial respiration.’^ 

SUMMARY 

For the administration of controlled respiration, a volume-cycling positive¬ 
negative pressure device (the Engstrom Respirator) has been used on a series of 
about 70 patients undergoing major intrathoracic operations. The method has 
proved most valuable and offers in the main the following advantages: 

1. Dangerous hypo- and hyperventilation is prevented by the administra¬ 
tion of a determined vcntilatorj' volume, maintained independently of altered 
mechanical conditions, such as opening of the pleura, compression of the lung, 
and traction on the bronchus. 

2. Respiration with a negative expiratory phase and low mean pressure 
favors the circulation, and makes it possible to ventilate the patient when only 
narrow endotracheal tubes can be used. The degree of expansion of the lungs 
can bo controlled with maintenance of a constant minute volume, and this often 
facilitates the work of the surgeon. 

3. The composition of the gas mixture administered to the patient is exactly 
Imown. 
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Announcement 


New Regnlations of the Board of Thoracic Surgery 

At a meeting of representatives of the Board of Thoracic Surgery with the American 
Board of Surgery held on April 26, 1955, in Philadelphia, it was agreed that candidates 
examined by the American Board of Surgery in Part I (written examination) on or after 
October 26, 1955, who are certified by the American Board of Surgery, would be required to 
take only the oral examination given by the Board of Thoracic Surgery. 

Before taking the oral examination of the Board of Thoracic Surgery the candidate 
must furnish satisfactory evidence of having completed three years of training in general 
surgery and two years of training in thoracic surgery in an approved institution, and that 
he is a diplomate of the American Board of Surgery. 

Candidates examined by the American Board of Surgery in Part I prior to October 
26, 1955, will be required to take Part I (written examination) of the Board of Thoracic 
Surgery before taking its oral examination. 
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introduction 

T he surgical patient with generalized pulmonary einphy.sen)a presents a 
challenging problem in therapeutic management regardless ol the nature 
ol the proposed surgical procedure. In the patient with tviberoulosis, compli¬ 
cated by the presence of generalized pulmonary emphysema, the need for ob¬ 
jective thinlting before electing to proceed with a needed surgical procedure 
s .self-evident.’’ ” Tliis need stems from the current concept that, following 
long-term drug therapy and other methods of medical management, residual 
large foci of tuheroulosis, whether air-bearing cavities or inspissated cavities 
or destroyed segments, lobes, or Kings, should be surgically treated; and in 
most quarters surgical treatment has meant surgical excision.^’’ Thus, certa'n 
patients with tuberculosis, complicated with pulmonary emphysema, become 
candidates for major excisional or surgical collapse measures in the face of a 
deranged ventilatory and perfusion system. 

. We have followed the concept that, following adequate and for the most 
part prolonged (six to twenty-four months) medical management, the foci which 
the treatment had not been able to bring successfully under control due to 
mechanical problems® (i.c., bronchostenosis, broncliicctasis, residual cavities 
either air-hearing or solid) should he treated surgically. Following the lead of 
pioneers in the field, we became convinced early that resectional surgery offered 
better opportunities for correcting the surgical patliology and at the same time 
conserving pulmonary function at the highest possible level. Thus, inevitably, 
we began to accept patients for e.xcisional therapy who had moderate to maikod 
impairment of the pulmonaiy function prior to surgery due to pulmonary 
emphysema, regardless of the etiology. It followed that the problems concerned 
with management of these cases, during the operative and postoperative periods, 

From the Ea’5t Tennessee Tuberculosis Hospital. Knoxville. Tenn. 

Ue.-nl at the Tbirty-flfth Annual Alcetlnir of The Anieiican Association for Tlioiacic 
Surgery at Atlantic Citj. N J. April 24 to 26, 1955. 
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INTRODUCTION 


T he surgical patient with generalized pulmonary emphysema ])rescnts a 
challenging problem in therapeutic management regardless of the nature 
of the proposed surgical procedure. In the patient with tuberculosis, compli¬ 
cated by the presence of generalized pulmonary emphysema, the need for ob¬ 
jective thinking before electing to proceed with a needed surgical procedure 
s self evident.’’ “ This need stems from the current concept that, following 
long-term drug therapy and other methods of medical management, residual 
large foei of tuberculosis, whether air-bearing cavities or inspissated cavities 
or destroyed segments, lobes, or lungs, should be surgically treated; and in 
most (piai'ters surgical treatment has meant surgical e.xcision.’'’ Thus, corti'n 
patients with tuberculosis, complicated with pulmonary emphysema, become 
candidates for major e.xcisional or surgical collapse measures in the face of a 
deranged ventilatory and perfusion system. 

. We have followed the concept that, following adequate and for the most 
part prolonged (six to twenty-four months) medical management, the foci wiiieli 
the treatment had not been able to bring successfully under control due to 
mechanical problems® (i.e., bronchostenosis, bi-onehieetasis, residual cavities 
either air-bearing or solid) should be treated surgically. Following tlio lead of 
pioneers in the field, we became convinced early that resectional surgery offered 
bettor opportunities for correcting the surgical pathology and at the same time 
conserving pulmonary fiwetion at the highest possible level. Thus, inevitably, 
we began to accept patients for cxcisional therapy who liad model ate to marked 
impairment of the pulmonary function prior to surgery due to pulmonai-j' 
empliysema, regardless of the etiology. It followed that the problems concerned 
with management of these cases, during the operative and postoperative periods. 


From the r3ast Tennessee Tuberculosis Hospital, Knoxville, Tenn. 

Rear! at the Thirty-fifth Annual Meeting of The American Ascno.nfr/irr fn, 

Surgerj at Atlantic City. N J. April 24 to 26. 1955. •'‘nierjcan Association foi Thoiacic 


125 


126 


ICEWMAN, HUGGIN, BUTLER, AND BOWMAN 


J. Thoracic Surg. 
February, 1956 


soon became acutely real. Furthermore, it is anticipated that the number of 
patients with tuberculosis, complicated Avith emphysema, Avill increase as the 
trend in hospital admissions throughout the country is tOAvard the older group 
of patients in Avhom the incidence of generalized emphysema is much higher. 
It is in this complicated group of older individuals that surgical therapy is 
usually mandatory if sputum conversion and arrest of the tuberculosis are to be 
accomplished. 

Our presentation is an analysis of 30 sui-gical patients with tuberculosis 
complicated AAUth moderate to far-advanced stages of pulmonary emphysema 
compared to a parallel group of 259 surgical patients treated during the same 
three-year period Avho had pulmonary tuberculosis Avithout a significant degree 
of complicating emphysema. The complications and morbidity in the emphy¬ 
sematous group have been most impresshm and prompted the undertaking of the 
study. This group also pointed to the need for a critical evaluation of the 
emphysematous patient prior to surgery and a keener appreciation of post¬ 
operative management directed toAvard the basic physiologic and pathologic 
deviations. 

PATHOLOGY AND PATHOGENESIS 

A. The basic tuberculous process takes place in the alveolar spaces, best 
seen in the acinous nodose foci developing beyond the terminal bronchiole.® 
Healing occurs by invasion of the fibrinocellular exudate in the alveoli by fibro¬ 
blast, epithelioid, Langhans’ cells, and collagen fibers. These elements replace 
the exudate; the collagen increases and an area of fibrosis develops which is 
surrounded by torn and stretched alveolar septa. As the granulation tissue is 
gradually replaced by connective tissue there is a gradual contraction of the 
focus. As the sear contracts it stretches the surrounding alveolar septa leading 
to perifocal emphysema. 

Emphj^sema in pulmonary tuberculosis is a concomitant part of the de¬ 
struction and resultant contraction of the lung parenchyma. As the tuberculous 
process progresses Avith necrosis and surrounding fibrosis, a compensatory 
dilatation of the surrounding air sacs develops. Since the parenchj'ma is a 
contiguous elastic structure, any replacement of it must be compensated for by 
a surrounding intact portion. This is done by stretching of the elastic fibers. 

After chemotherapy, there is an over-all decrease in the amount of fibrosis 
and emphysema in patients Avho have receiA^ed chemotherapy OA^er a long period 
of tirne.^® This is true if the drugs are given soon after the onset of the illness. 
The decrease is due to the elimination of the perifocal reaction resulting in 
decreased fibrosis and to the resultant decrease in dissemination. As a result 
of the greatly lessened fibrosis and emphysema in prolonged chemotherapy 
there is a greater normal lung volume. Intact lung parenchyma, which rarely 
contains scars, Avidely separates necrotic foci. 

The bronchus communicating AAuth a cavity almost ahvays reveals the same 
ulcerative tuberculous process as that in the cavity.® The^ bronchoeavity 
junction is a tangential canal resulting in a check-valve mechanism at this site. 
Jlore air entei-s the cavity during inspiration than leaves during expiration, 
usually accounting for the spherical appearance. 
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Streptomycin treatment causes re-epithelization of the bronchus at the 
bronchocavity junction Math extension along tlie inner ivall of the cavity. 
This disrupts the check-valve mechanism allowing cavity healing to occur with 
the end result of an inspissated cavity with a patent communicating bronchus. 
“Open” healing is observed with increasing frequency after long-term chemo¬ 
therapy, probably due to re-epithelization of the bronchus. 

As a result of prolonged chemotherapy in pulmonary tuberculosis soon 
after its origin, tlie disease undergoes extensive resolution and the process 
is limited to a portion of a lobe or lung. The portion of residual diseased lung 
can then be removed surgically. 

B. Obstructive emphysema in pulmonary tissue may be localized in a 
segment or lobe or it may be generalized throughout both lungs. It is brought 
about by an increased tension of the air within alveoli due to a partial occlusion 
of a bronchus or to a generalized increased air tension due to a partial occlusion 
of the respiratoiy broncliioles. TJie mechanism of the production by air¬ 
trapping in the alveolus by obstruction to the outflow of air is well known.” 

The anatomy of the bronchial musculature indicates smooth muscle and 
elastic fiber projections to form spliincters about the atrial openings from the 
respiratory bronchioles.” Thus, trapping of air in the alveoli could result 
from sphineteric closure with outflow obstruction. Cough derived from any 
cause forces air into the alveoli under pressure which in generalized broncho- 
spastic states or in localized segmental or lobular bronchitis produces an out¬ 
flow obstruction. If this situation continues it irill lead to alveolar over¬ 
distention, loss of elasticity in the bronchiolar walls, and permanent changes 
recognized as pulmonary emphysema. The emphysema may bo localized or 
generalized. 

Collateral air-drift as a safety dctice to prevent overdistention in a lobule 
or segment remains operative in most instances. However, in .some cases it fails 
to keep the lobule deflated and bullae develop.*® The process of obstructive 
emphysema is reversible unless it is prolonged and damage occurs to the elastic 
tissue in the alveoli; then the emphysema is permanent as the elastic tissue fails 
to recoil after stretching. In addition, alveolar septa become destroyed, leading 
finally to a gross cystic structure attached to one or several bronchi or bron¬ 
chioles. The pulmonary vessels to the cystic area are obliterated. If diffuse 
emphysema is present in both lungs, peripheral resistance to the outflow tract 
from the right heart is increased and ma.v lead to cor pulmonale. Tfe have 
been impressed in our emphysema surgical cases with the markedly increased 
bronchial artery and brouehial vein blood flow; collateral circulation in both 
these systemic channels has been noticeable. Bicbow and co-workers*'’’ have 
uTitten brilliantly on these collaterals and have further described sizable 
anastomoses between the bronchial and pulmonary arterial systems which 
represent points of peripheral resistance within the lung and, when sufficiently 
numerous, increase the work of the right ventricle. In addition, sizable shunts 
between the bronchial and pulmonary veins exist in emphysema. The e.xact 
mechanism is not known. One proposed mechanism would be due, according 
to the opinion of Loeseheke quoted by Liebow, to the fact that the bullae of 
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emphysema represent expanded portions of the lung tree more proximal than 
alveoli and include respiratory bronchioles. Then, the venous drainage of the 
cystic structures, as well as the arterial supply, is systemic in nature rather 
than from^ the lesser circulation. Another factor favoring augmentation of 
the bionehial arterial and venule blood flow is the loss of blood-pumping action 
from the alternating respiratory pressure changes as they affect the small vessels 
of a normally elastic parenchyma. This will tend to abolish the differential 
negative pressure, occurring with each inspiration, which ordinarily favors 
the flow of blood into pulmonary venules rather than bronchial venules. 

The frequent anatomic location of bullae (or “cysts”) in the apical seg¬ 
ment of the upper lobe and in the superior segment of the lower lobe coincides 
with the frequent lol^ar apical localization of tuberculous cavities, which fact 
leads to interesting speculative possibilities as to the pathogenesis of tuber¬ 
culous cavities; and further to their frequent failure to respond in emphy¬ 
sematous patients to conservative medical management bj^ cavity closure. 

In emphysema, the loss of lung elasticit}' greatly alters the effleiency of 
ventilatory function. Respiratory efiicieney is decreased because of: (3) The 
overstretched inelastic subpleural alveoli cannot transmit the pull of the che.st 
wall and diaphragm musculature to the underlying alveoli deeper toward the 
hilum. This leads to an increase in volume at the tidal expiratory level. (2) 
Increased ventilatory effort is required to maintain exchange in large limg 
volume. (3) The diaphragm is depressed in the larger lung volume. (4) The 
tidal air is unfavorably diluted by the increased residual volume. 

Thus, in an emphysematous patient, the residual air may be as large as 
50 to 60 per cent of the total lung volume, which leads to dilution of the tidal 
air.^® The element of bronchospasm further reduces an already lowered maxi¬ 
mum breathing capacity. Carbon dioxide retention is increased and oxj'gen 
tension at the alveoloeapillary membrane is reduced. 

CASE DATA 

Our clinical material consists of 289 cases treated surgically for pulmonary 
tuberculosis. The cases are divided into 2 groups, the first group of 30 cases 
of tuberculosis, complicated with moderate to far-advanced pidmonary emphy¬ 
sema, and the second group of 259 cases of tuberculosis without a significant 
clin'cal degree of pulmonary emphysema. 

The patients with clinical pulmonary emphysema are divided into a group 
with predominant obstructive emphysema and a group with predominant 
compensatory emphysema. The nonemphysematous group failed to show a 
significant degree of clinical emplu^sema changes although, undoubtedly in 
mo.st cases of moderate and far-advanced tuberculosis, compensatory over¬ 
distention occurred as healing progressed. In the 30 emphysematous patients, 

26 showed a predominant obstructive complex and 4 showed a predominant 
compensatory complex of marked degree. ^ 

The diagnosis of emphysema was established by: (1) Histoiy of ‘ asthma 
or asthmatoid wheezing. (2) X-ray evidence of increased radiolucency; de¬ 
pressed and flattened diaphragms; increased anterior-posterior diameter of 
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chest. (3) Fluoroscopic evidence of limitation of diaphragmatic excursion and 
failure of tlie lung alternately to lighten and darhen with the respiratoiy cycle. 
(4) Bronehoseopic examination evidence of a nonspecific bronchitis and broncho- 
spasm. (5) Bronchography was used to outline areas of compcnsatoiy emphy¬ 
sema. The distribution of the medium is striking in obstructive emphysema. 
(6) Vcntilatoiy function studies were used in evaluation and diagnosis. Per¬ 
centage timed vital capacity is the most helpful in malring the diagnosis of the 
person witii obstructive emphysema. The maximum breathing capacity is used 
in evaluation of the patient’s ability to tolerate the surgical procedure. (7) An 
electrocardiogram which revealed right axis deviation. (8) The operative find¬ 
ings at the time of tlioraeotomy and pathologic examination of resected speci¬ 
mens were used to confirm the jircoperativc clinical impression. 

Pfocedufes In Emphysema 
(30 Pallen/s) 


Lobectomy 


Lobectomy + Sejmenl 


Segmental 


Thoracoplasty 


Plombaje 


Fie- 1. 

Pfocedyre In Non - Emphyicrna 

C259 Patients) 

j Pneumonectomy 






Segmental 

1 

1 

1 

Thofacoptasty 


Plombaje 


Resection ♦ OecorticalJon 


Decortication 


Bilobectomy 


Miscellaneous 


2. 


Tlie patients were all treated medically with supervised bed rest and long- 
teim antimicrobial therapy. Selected patients were treated svith temporary 
collapse measures such as pneumoperitoneum and, occasionally, with pneumo- 
tliorax. The preoperative treatment period ranged from six to twenty-four" 
months. Postoperative treatment was continued in mos*^ fmm 
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emphysema represent expanded portions of the Inng tree more proximal than 
aheoli and include respiratoiy bronchioles. Then, the venous drainage of the 
ejstie structures, as well as the arterial supply, is systemic in nature rather 
than fiom^ the lesser circulation. Another factor favoring augmentation of 
the bronchial arterial and venule blood flow is the loss of blood-pumping action 
from the alternating respiratory pressure changes as they affect the small vessels 
of a normally elastic parenchyma. This will tend to abolish the differential 
negative pressure, occurring with each inspiration, which ordinarily favors 
the flow of blood into pulmonary venules rather than bronchial venules. 

The frequent anatomic location of bullae (or “cysts”) in the apical seg¬ 
ment of the upper lobe aiid in the siiperior segment of the lower lobe coincides 
with the frequent lobar apical localization of tuberculous cavities, wliich fact 
leads to interesting speculative possibilities as to the pathogenesis of tuber¬ 
culous cavities; and further to their frequent failure to respond in empliy- 
sematous patients to conservative medical management by cavity closure. 

In emphysema, the loss of lung elasticit}’^ greatly alters the efficiency of 
ventilatoiy function. Respiratoiy efficiencj' is decreased because of: (1) The 
oversti’etehed inelastic subpleui'al alveoli cannot transmit the pull of the chest 
wall and diaphragm musculature to the underlying alveoli deeper toward the 
hilum. This leads to an increase in volume at the tidal expiratory level. (2) 
Increased ventilatory effort is required to maintain exchange in large lung 
volume. (3) The diaphragm is depressed in the larger lung volume. (4) The 
tidal air is unfavorably diluted by the increased residual volume. 

Thus, in an emphysematous patient, the residual air may be as large as 
50 to 60 per cent of the total lung volume, which leads to dilution of the tidal 
g^ir 16 element of bronchospasm further rediiees an alreadj’' lowered maxi¬ 

mum breathing eapaeit.v. Carlson dioxide retention is increased and oxygen 
tension at the alveoloeapillary membrane is reduced. 

CASE DATA 

Our clinical material consists of 289 cases treated surgically for pulmonary 
tuberculosis. The eases are divided into 2 groups, the first group of 30 cases 
of tuberculosis, complicated with moderate to far-advanced pulmonary emph.y- 
sema, and the second group of 259 cases of tuberculosis without a significant 
elin’cal degree of pulmonary emphysema. 

The patients -with clinical pulmonary empliysema are divided into a group 
with predominant obstructive emphysema and a group with predominant 
compensatory emphysema. The nonemphysematous group failed to show n 
significant degree of clinical emphj'sema changes although, undoubtedly in 
most cases of moderate and far-adi'aneed tuberculosis, compensatorj’’ oiei- 
distention occurred as healing progressed. In the 30 emphj'sematous patients, 

26 showed a predominant obstructive complex and 4 showed a predominant 
compensatoiy complex of marked degree. 

The diagnosis of emphysema was established by: (1) Histoiy of “asthma 
or asthmatoid wheezing. (2) X-ray ertdence of increased radiolucency; de¬ 
pressed and flattened diaphragms; increased anterior-postex'ior diameter of 
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chest. (3) Fluoroseopie evidence of limitation of diaphragmatic excursion and 
failure of the lung alternately to lighten and darken with the respiratorj' cycle. 
(4) Bronchoseopic examination evidence of a nonspecific bronchitis and bi’oncho- 
spasm. (5) Bronchography was used to outline areas of compensatory emphy¬ 
sema. The distribution of the medium is striking in obstructive emphysema. 
(6) Ventilator}' function studies were used in evaluation and diagnosis. Per- 
eontage timed vital capacity is the most helpful in making the diagnosis of the 
person with obstructive emphysema. The maximum breathing capacity is used 
in evaluation of tiio patient’s ability to tolerate the surgical pz-oeednre. (7) An 
electrocardiogram which revealed right axis deviation. (8) The operative find¬ 
ings at the time of thoracotomy and pathologic examination of resected speci¬ 
mens were used to confirm the preoperativo clinical impression. 

Procedures In Emphysema 
(30 Patients) 



Procedure In Non - Emphyiema 
_ (?S9 Pallenli) 


Pneurnoneclomy 






Sejmental 

1 

i 

1 

Thoracop/asfy 


Plombage 

'f 

Resection ♦ Decortlcaflon 


Decoffics;jon 


Bllob^ctomy 


Miscellaneous 

.TT 


FIC. 2. 

The patients were all treated medically with supervised bed rest and long¬ 
term antimicrobial therapy. Selected patients were treated mth temporary 
eol apse measures such as pueunioperitoneiim and, occasionally, with pneimo- 
orax. "nie preoperative treatment period ranged from six to twenty-four 
months. Postoperative treatment was continued in most instances from si.x 
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to twelve months. Postoperative follow-up has been most satisfactory in 96.2 
per cent of the cases. Of the emphj^sematous group, 26.6 per cent had a positive 
sputum prior to surgery whereas 22.4 per cent of the nonemphysematous group 
failed to convert to negative sputum before surgery. 

The operative procedure employed in the 2 groups of patients are shown 
in Pigs. 1 and 2. 

The complications in the 2 groups are sliovm in Table I. 


Table I. Cojiplications in Both Groups 


WITH 

emphysema 

(%) 

COMPLICATION 

"WITHOUT 

EMPHYSEMA 

(%) 

57.6 

BPF''-—delayed re-expansion, no em¬ 
pyema 

6.1 

19.2 

BPF—empyema 

3.9 

0.0 

Empyema—no fistula 

1.7 

6.6 

Spread 

3.4 

23.3 

Miscellaneous 

5.0 

10.0 

Cor pulmonale 

0.0 

19.2 

Residual space 

19.6 

34.6 

Secondary surgery 

15.0 

23.3 

Status—active (31) 

11.9t 

6.6 (2) Deaths (8) 

3,1 


‘Bronchopleural fistula. 

flnclucled as active are 10 cases less than six months postoperative. 


Table n. Deaths in Group With Emphysema 


CASE 


-VENTILATORY 



NUMBER 

AGE 

FUNCTION 

PROCEDURE 

CAUSE OF DEATH 


(%) 

roo —1 sec. 


415 WM-45 * VC-4,000 L. j 60—2 sec. Preliminary TPt stage BPF—empyema j death 

[ 97—3 sec. 6 -weeks postopera- 

tMBC-71 L./min. EUL and Superior tive; hemorrhage; in- 

Segment ELL trapleural 


(%) 

("56—1 sec. 

824 WM-43 VC-3,200 L. 65—2 sec. Preliminary TP stage BPF—empyema; cor 

[si—3 sec. pulmonale; pulmo- 

MBC-63 L./min. EUL and Superior narj' insufficiency; 

Segment ELL death 6 months post¬ 
operative_ 

*VC = vital capacity. 

tSIBC = maximum breathing- capacity. 

tTP =: thoracoplasty. 


The complications in the group of 30 cases of emphysema were numerous 
and in some instances multiple. In 8 cases, there were no complications and 
in this group were 4 patients having extrapleural operations. Twenty-two 
patients out of 26 cases of resection had thirty-seven serious complications with 
two deaths, a mortality rate of 6.6 per cent. Nine patients required majoi 
secondary surgery’’ to correct the complications and 4 required prolonged chest 
drainage before eventually recovering. In the suiwi-dng group, 7 patients are 
alive but vdth active disease or with serious residual complications. 

On the other hand, the surgical results in the group of 259 cases without 
serious emphysema have been most satisfactory. Bronchopleural fistu a wit 
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Table III. Peatiis in Group Without Emphysema 


CASE 1 
JTOMBER 1 

i 

AGE ; 

VENTILATORY 1 

FUNCTION 1 

PROCEDURE 

CAUSE OF DEATH 

“■"131 

CF-40 

VOljOOO L. 


Fneumonectomy 

Cardiac failure, 6 months 
postoperative 

151 

WP-35 

VC-1,000 L. 


Pneumonectomy 

Pulmonary insufficiency 
and cardiac failure, 2 
weeks postoperative 

271 

■\VF-38 

VC'1,400 L. 

(%) 

'■4G—1 see. 

Pneumonectomy 

Pulmonary insuflSciency 
and cardiac failure, S 
days postoperative 

510 

WP-35 

A^C'1,300 L. 4 eg— 2 see. 

184—3 sec. 
iIBG-24 L./miu. 

ATonaldi, 1 lear; 
tlioracoplasty I; 
pneumonectomy 

Pulmonary insufficiency, 

2 days postoperatixe 

213 

■\VF-40 

No studies 

(%) 

f 62—1 sec. 

RUL 

Anesthesia death; cardi¬ 
ac arrest at conclusion 
of procedure 

961 

lVF-32 

VC 1,450 L. { 82—2 sec. 

1. 89—3 sec. 
l\IBC-27 L./min. 

BUL and segment 

Air embolism during 
transfusion, 3 days 
postoperative 

93 

CJr-2S 

vc-i,goo L, 

t 

(%) 

'73—1 sec. 

Thoracoplasty 

Slioci! during surgery 

35G 

WM-41 

VC'1,900 1.-^82—2 800. 

1100—3 s-ec. 
MBC'OS L./znin. 

Decortication 

Died 3 days postopera¬ 
tive; pulmonary in¬ 
sufficiency, intrapleural 
liemorrbago, shock 


empyema was present in 3.9 per cent and bronchopleural fistula without 
empyema (air-leak over seven days and with delayed re-expansion) in 6.1 per 
cent. Secondarj' surgery was performed in 15 per cent. The mortality rate 
was 3.1 per cent. These patients, now well and classified inactive, number 228 
or 88 per cent. (Included as active are 10 cases yet in the hospital having 
been operated upon less than six months ago.) 

EVALUATION OF THE PATIENT WITH EMPHYSEMA AND AN ESTIMATION OP HIS 
ABILITY TO TOLERATE SURGERY' 

Modem surgical philosophy" in tlie ti-eatment of tuberculosis dictates 
not only a correction of the inflammatory process hut the preseiwation of pul¬ 
monary function at the highest possible level. The mortality rate for resection 
and surgical collapse is now so favorable that a good result is no longer gauged 
by inactivation of the tuberculous process; in addition, cardiopulmonary reserves 
should not be compromised. If severe postoperative complications are en¬ 
countered, these criteria will not be fulfilled. 

Diffuse airway obstnietion, as is commonly found in obstructive emphysema 
and in severe oompensatoiy emphj'sema, is the chief cause of operative and 
postoperative difficulty. The complications which occur in this situation seri¬ 
ously impair the cardiopulmonary resen'cs. It is important that obstructive and 
compensatory emphysema of a moderate or severe degree he i-ecognized prior 
to surgery and a surgical procedure selected and operatively managed to assure 
arrest of the tuberculosis and, also, preservation of respiratoiy function 
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Evaluation of the surgical candidate is based on clinical study and certain 
simple ventilatory function tests in all eases. In selected individuals, special 
tests are performed. Clinical study includes the usual histoiy and physical 
examination. Careful attention is paid to a history of wheezing or of “asthmatic 
attacks,” as well as x-ray evidence of a depressed and deformed diaphragm, 
of inei’eased radiolueency of the lung fields, of widening of the intercostal 
spaces, and of increased anterior-posterior diameter of the chest on the lateral 
x-ray projection. Fluoroscopic observation is done with particular attention 
to the degree of filling and emptying of the lungs, diaphragmatic movements, 
regional or diffuse airway obstruction, abnormalities of the cardiac shadow, 
and ail}'- abnormalities in cardiac action. 

A simple ventilatory test found to be useful in our hands is the maximum 
breathing capacity which measures the ability of the patient to pump air in 
and out of the lungs. Several factors enter into the patient’s ahilitj’' to perfoi’m 
this test; first, the neuromuscular function of the chest wall and diaphragm; 
second, the ability of the lung to distend and collapse; and third, the patency 
of the airway. Impairment of any of these factors leads to a lowering of the 
maximum breathing capacity. The other most important over-all function 
test, especially significant in obsti-uctive emphysema, is the percentage timed 
vital capacity three-second test. In our hands, it has been most reliable in 
distinguishing the patient with a high ■vital capacity and a good maximum 
breathing capacity who has a large residual volume due to obstructive emphy¬ 
sema. 

Table I'V. Evaltjatiox of Patients fok Sup.GEnv; Function Studies 

1. Vital capacity; calculation of per cent predicted 

2. Maximum breathing capacity; calculation of predicted 

.3. Timed vital capacity; per cent exhaled during 1, 2, 3 seconds 

4. Walking ventilation 

5. Calculation of walking inde.x. WI = 100 x WV/MBC 

6. Fluoroscopic examination 

7. Bronchoscopio examination 

S. Bronchography 

9. Bronchospirometry (selected cases) differential (per cent 0- uptake, ventilation, 
and VC) 

10. Electrocardiogram _ 


Eiddence of carbon dioxide retention is important but it can be assumed 
that the pei’son with diffuse obstnictiv'e emphysema is either retaining COo 
or is unable to rid his blood normally of COo due to the dilution factor at the 
alveolocapillary membrane. We have not done gas analyses on our patients. 

Bronchoscopy is used in all our cases preparatory to treatment and also 
for surgical evaluation. Evidence of diffuse or regional bronchitis, severe 
bronchospasm, or bronchostenosis are all recognized and assist in surgical and 
treatment decisions. Bronchography is mo.st useful in evaluation and diagnosis 
of the compensatory or obstructive emphx'sema patient. It is used primarily 
to outline areas of bronchiectasis or bronchostenosis. 

Bronchospirometiy is reserved for patients with altered function in whom 
it is desirable to Icnow to what extent each lung participates in ventilation 
and gas exchange. 
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The loiowledge of the degree wliieh lungs resist distention and collapse 
as ascertained by the JIBC (maximum breathing capacity) is important wlien 
considering an empliysema patient irith a “flail chest” due to extensive de- 
costalization procedures. Ainvay obstruction of empliysema causes the flaccid 
chest wall to move in furtlier ivith each inspiration and move out furtlier with 
each expiration. 

Diffuse airway obstruction of pulmonary emphysema or severe compen¬ 
satory emphysema interferes with proper ventilatory exchange in tlie alveoli 
and leads to hypoxia and also to CO, retention and respiratory acidosis. The 
development of respiratory acidosis and cardiac arrlij'thmias, during operation 
and in the postoperative period, is recognized and is especially prone to develop 
in patients with severe ventilatory derangement.'* 

THE “emphysema SYNDROME”—A POSTOPERATIVE PROBLEM 

Tile surgical patient with pulmonary emphysema presents a striking, char¬ 
acteristic clinical picture in the postoperative period. The condition is best 
described as the “emphysema syndrome,” as it is a physiologic and pathologic 
alteration brought on by proforuid changes in the body mechanism. 

Dehydration is a prominent sign and is manifested by poor tissue turgor, 
dry skin, dry, beefy-red tongue, arid oliguria. It is present despite wliat ap¬ 
pears to be an adequate water intake. It is related chiefly to an increased 
insensible loss of water through the respiratory system related to the hyper¬ 
ventilation of emphysema. Dehydration is prominently associated with re¬ 
spiratory acidosis. 

__Table V. “Emphysema Syndrome”_ 

1. Dehydration 

2. Hyperventilation 

3. Respiratory acidosis; alteration in blood CO., sodium, and potnssium 

4. Toxicity due to retained bronchial secretions 

5. Marked paradoxical movement in thoracoplasty cases 

G. Protracted air leak in resection cases 

7. Intestinal distention 

__8. Disorientation and hallucinations 


Hyperventilation is the only 'physiologic method that the severe enipliy- 
sematous patient has to compensate for his inadequate alveolar ventilation and 
perfusion. Chronic arterial anoxia and carbon dioxide must be combatted and 
an increased depth and rate of respiration is his only recourse. 

Respiratoiy acidosis may he present in this sjunptom complex. Hyperpnea 
and dyspnea with mild exertion are tlie only fairly constant signs associated 
with a nondiahetic acidosis.'® However, when tiie acidosis is severe breathing 
may be normal even though tlie plasma pH is vciy aeid. Tacliycardia and 
headache are inconstant signs. Respiratory acidosis may be present and the 
only sign bo a dyspnea out of proportion to the work being performed. Very 
severe respirator}' acidosis is attended by signs of dying sneli as weakness, dis¬ 
orientation, stupoi', and coma. Tlie CO. combining power of tiic plasma may 
be elevated as a compensatory reaction to a long-standing CO, acidosis as 
measured preoperatively and bo not at all indicative of an alkalosis. Potassium 
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deficits tend to complicate severe extracellular fluid volume deficiency. Alka¬ 
losis or acidosis accelerates the inception of potassium deficit for I’easons not 
well understood. 

Signs of toxicity with moderate fever, tachjrcardia, and leukocytosis are 
related to retained bronchial secretions and lobar or segmental atelectasis. The 
cleansing mechanism of the bronchus in emphysema is markedly interfered 
with by the elongation and fixation of the trachea and large bronchi. Ciliary 
action and bronchial peristalsis are inefficient. Cough of an effective nature 
depends on movable air and, in emphysema cough is ineffective due to the 
marked increase in residual air volume. In addition, acute atelectasis con¬ 
tributes markedly to the degree of arterial unsaturation due to venous admixing 
from the perfused but nonventilated lung.^® 

The marked paradoxical movement in thoracoplasty cases with the resultant 
poor air exchange is self-explanatory. Protracted air leak from the raw sur¬ 
face of the lung in segmental resections and from undeveloped or fused inter¬ 
lobar fissures has been a major problem. The continued air leak necessitates 
prolonged tube drainage with the increased likelihood of pleural contamination. 

Intestinal distention of moderate to major proportions has been evident. 
One factor is probably due to swallowed air in the hyperventilating and 
anoxemie individuals, and a second is the intestinal distention that accompanies 
hypokalemia. A third factor is related to the abdominal type respiration which 
most of these emphysema patients depend upon, especially in those with fixed 
thoracic cages. 

Disorientation and hallucinations are seen frequently and are prone to 
develop in the patient with respiratory acidosis of a moderate or severe degree— 
these are usually late signs and indicate marked metabolic derangements. 

CLINICAL APPLICATION OF SOLUTION TO PROBLEM AS DEBI\'ED FROM 

OUR EXPERIENCES 

A. Selection of Operative Procedure .—Numerous previous discussions attest 
to the divergent opinions with regard to the surgical treatment of pulmonary 
emphysema per se and also as to the management of overdistention of the 
residual lung or lung tissues following pulmonary resection. It has been pointed 
out that a postoperative reactivation or spread of tuberculosis in the emphy¬ 
sematous lung causes the .patient to do poorly and usually to an extent pro¬ 
portional to the degree of emphysema.^® From our studies, we would conclude 
that the patient with tuberculosis and diffuse obstructive pulmonary emphysema 
does poorly with resectional surgery in a high percentage of cases. Eesectional 
surgery in the patient with compensatory emphysema of even a marked degree 
is associated with fairly good results. An upper preliminary stage of thora¬ 
coplasty of two or three ribs prior to the resection helps to ensure eradication 
of any space problems and assists in overcoming persistent air leaks. If a 
bronchopleural fistula and empyema develop, the resultant space will be small. 
Sufficient interval should elapse between the stage of thoracoplasty and the 
resection so that a relatively stable chest wall will be present postresection, 
otherwise, paradoxical movement of the chest wall will negate the value of 
the preliminary thoracoplasty. 
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Table VI. Selection of Ofekative PnoCEnoKE 


1. Preresection thoracoplasty (small stages) 

2. hlonaldi tube—long-time suction followed by thoracoplasty 
2. E-xtraperiosteal plombngo 

•1. Primary resection-—especially in cases of compensatory emphysema 


The value of JXonaldi catheter suction in ohliterating large, tension tubercu¬ 
lous cavities is time-proved®* and in the patient with associated obstructive 
emphj'sema it can he life saving. The long-term catheter. suction treatment 
should be followed by an e.vtrapleural thoracoplasty to ensure pennanent 
collapse of the diseased area. Perhaps the idea of converting the sputum to 
negative will not be realized in all cases but more patients will be alive to 
have sputum. 

B.xtraperiosteal plombagc is an excellent alternative method in selected 
cases. The function-sparing aspects of this operation have been repeatedly 
shown. It is particularly useful in apical, bilateral, cavitary disease. The 
emphysematous patient tolerates the procedure well. The disadvantage of in¬ 
serting a foreign material in the body is recognized, but with cai’eful technique 
only a few will become complicated, and if so the prosthesis can be removed 
and a thoracoplasty added to obliterate the resultant space. 

The combination of a lowered maximum breathing capacity and of a low 
percentage timed vital capacity in a patient with obstructive emphysema is 
a very poor prognostic sign and would serve to indicate that resectional surgery 
is contraindicated. Our results would indicate that these patients tolerate 
the operative procedure very well but the high percentage of postoperative 
complications, led by bronchopleural fistula, tend to cause postoperative de¬ 
rangement which is insurmountable. On the other hand, a patient with 
a good maximum bi'eathing capacity but with a low percentage timed vital 
capacity will probably have difficulty but will survive, although the compli¬ 
cations of resectional surgery will compromise function in the remaining lung 
tissue. 

B. Operative Management .—Preoperative treatment should be directed 
towai’d relief of bixmehospasm with bronchodilator drugs. Expectorant mix¬ 
tures should be used. Postural drainage and the use of the intermittent posi¬ 
tive pressure breathing apparatus with cxhalator phase is recommended. Avoid¬ 
ance of cigarettes or cigars is advised. Adequate parenteral fluids and electro¬ 
lytes should bo given to improve the extracellular fluid compartment and to 
establish the blood CO„, sodium, and potassium at normal levels. Digitalization 
in the cor pulmonale eases is indicated. It is desirable to have a negative 
sputum or at least have drug-sensitive bacilli at the time of operation. 

The anesthetic management during surgery is a particularly important 
phase. It is important that respiration be assisted even to the point of hyper¬ 
ventilation throughout although it is difficult to avoid CO, accumulation and 
resultant acidosis during open-chest operations. Greatly prolonged operating 
time is to he avoided as there is a direct relationship between time elapsed and 
degree of CO. retention and resultant acidosis. Blood replacement therapy 
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slionlcl be exact by the cliy-sponge weight calculation method. The choice of 
agent depends on the judgment in each case, although our choice in broncho- 
spastic states has been a gas-etlier-oxygen combination. 

e feel that the use of tracheostomy at the time of surgery will do much 
toward solving some of the postoperative difficulty with the “emphysema 
syndrome.”-- By eliminating 100 to 150 e.e. of “dead air” space, effective 
movement of tidal air is facilitated. The dilution factor at the alveolar mem¬ 
brane is reduced and by having ready access to catheter suction of secretions 
airway cleansing is effective. An}'’ paradoxical movement can be controlled 
and paradoxical motion is a big problem in obstructive emphysema. Trache¬ 
ostomy requires constant supervision by trained pei-sonnel; effective cough 
mechanism is lost in intubated patients. If tracheostomy is not done, then fre¬ 
quent use of endotracheal suction or bronchoscopy is indicated to secure airway 
patency and to prevent atelectasis. 

Careful attention to fluid and ion requirements, especially accounting for 
the insensible water loss due to hyperventilation is necessary. 

The usual antimicrobial regime is utilized postoperativeh% frequently com¬ 
bined with the broad spectrum antibiotics. 


Table AMI. PosTOPERATn'E Management of “Emphysema Syndrome” 


1. Parenteral fluids 

2. Correction of COj, sodium, and potassium imbalances 

3. Tracheostomy (early in selected cases) 

4. Bronchoscopy plus catheter suction 

5. Bronchodilator drugs 

6. Intermittent positive pressure breathing 

7. Antibiotics 

8. Avoidance of paradoxical motion 

9. Sparing use of narcotics 

10. Digitalization as indicated 


In conclusion, we feel that there is no largei’, unsolved problem in the 
oraeie surgical field than the patient with obstructive emphysema. The prob- 
ns are manifold and his treatment is complicated. When the emphysema is 
inplieated by tuberculosis (or the tuberculosis complicated by emphysema), 
becomes a eommunitj' problem and as such becomes eventually a candidate 
L’ surgical treatment. The major points to be considered in the surgical 
management are (1) the selection of an operative procedure designed to arrest 
the tuberculosis and conserve pulmonaiy function at a level compatible ■edth 
an active but restricted life; (2) preoperative and operative management to 
correct, in so far as possible, the deranged ventilatory function which has altered 
the basic mechanism of the body; and (3) prompt recognition of postoperative 
complications and institution of coiTeetive measures. 

SUMMARY 

1. The surgical treatment of pulmonary tuberculosis complicated with 
either severe obstructive or compensatory emphysema is marked by multiple 
complications in the postoperative period. The complications are particularly 
severe if resectional surgery is pei’formed. 
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2 Compaiatne studies on icsults obtained iti the suigical ticatment of 
30 patients uitli tuberculosis and pnlmonaij cmiilnsema aie made with 259 
patients lutli lolatnch uncomplicated tnbeiciilosis The incidence of bioneho 
pleuial fistula uith empieiiia, and persistent an Icah uitliout einpjema was 
lemarhabh high in the einplnsema gioup Bioiicliopleuial fistula with ciiipi- 
ciiia lias the coiiiplioatioii lesultiiig iii the tiio deaths out of the 30 eases, a 
nioitahti late of G G jiei cent In the iioneiiiph}sema giotip of 259 eases, eight 
deatlis occiiiicd, a late ol 3 1 pel cent, none of iihich iieie due to hioneho 
pleuial fistula oi cnipiema 

3 The “einphisenui sindiomc is deseiihed and suggestions as to opeiatne 
maiiagenient aie iinde 
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Discussion 

DR. AUSTIN B. GRANT, Brooklyn, N. Y.—In resectional therapy of cases where the 
reraaming lung tissue is emphysematous, a major consideration is to prevent abnormal 
TOlumetnc changes of the remaining parenchyma. In order to prevent these changes, an 
intrapleural tailoring procedure, originally devised by Dr. Miscall and Dr. Klopstoek in 
1947, IS now being used and studied by Dr. Klopstoek, Dr. Seibens, and me at the Veterans 
Administration Hospital, Brookljm, N. Y., in patients ivith emphysema of the lung and 
where large segments of lung hare been excised. 

The method consists of reroofing the pleural cavity with a sheet of parietal pleura 
following partial pulmonary resection. It is tailored to the configuration of the residual 
pulmonary parenclijuna, tlius eliminating any residual space. 

It is accomplished nithout the trauma of rib resection. Importantly, it prevents sudden 
overdistention of the residual pulmonary parenchyma, allowing a subsequent graded and 
adaptable rate of pulmonarj- expansion. The tent minimizes respiratory distress in the 
patient with marginal pulmonary reserve. It is useful in bilateral procedures and is rela¬ 
tively reversible. 

A patient, H. A., with bilateral cystic disease and emphysema had an excision of a 
left lung cyst -with pleural tent on July 24, 1954, and a right upper lobectomy with a pleural 
tent on Nov. 10, 1954. The preoperative and postoperative roentgenograms are shown. 

Postoperative pulmonary fuctional studies reveal a decrease in residual volume, a de¬ 
crease in vital capacity, an unchanged ratio of residual value to total lung capacity, and an 
increased maximum breathing capacity. This is a desirable and favorable functional result, 
avoiding the abnormalities of volumetric relationships which occur in overdistention of lung 
parenchyma. 

A color film shows the technique of reroofing with a pleural tent. 

Postoperative roentgenograms of a second patient illustrate the immediate selective 
limitation of e.xpansion of the residual lung and the subsequent gradual incomplete ab¬ 
sorption of fluid and air above the tent. 

DR. WILL G. SEALY, Durham, N. C.—Respiratorj- acidosis is a frequent and difficult 
problem in the management of emphysematous patients. It is one that we have to deal with 
not onlj' during operation but in the immediate postoperative period as well. 

(slide) This is not a patient with tuberculosis, but one with a spontaneous pneumo¬ 
thorax that has been present for six months, associated with a bronchopleural fistula. This 
patient had markedly impaired respiratory function. 

(slide) This shows a preoperative determination of the carbon dio.xide tension of the 
blood. He had marked ventilatory impairment with a pCO- of 65 mm. Hg, and an oxygen 
saturation of S2 per cent. He had a left thoracotomy with decortication and expansion of 
the left lung. He did quite well during the procedure, but on the first postoperative day 
the systolic blood pressure was found to be below 100. He was semicomatose. At that time 
the pCOj had increased to 169 ram. Hg, the pH had dropped to 6.97, and the oxygen sat¬ 
uration increased to 99 per cent. The nasal oxygen administration was stopped. In twelve 
minutes’ time, the pCO. dropped to 119 and the oxygen saturation to 89 per cent. Tliis patient 
made an uneventful recovery, the mental changes cleared completely, and at the time of 
his discharge the oxygen saturation was back to 95 per cent, and there was only a slight 
elevation in pCO,. Patients with chronic respiratory acidosis breathe by means of the 
hypoxic stimulus to the aortic and carotid bodies; and if this stimulus is removed, they 
go into marked ventilatory suppression, causing the CO- to increase further, followed by coma. 

(slide) This shows a preoperative film on a patient with carcinoma of the lung, whose 
condition was quite good before operation. The next slide shows what happened following 
surgery. 
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(slide) The second day after operation he developed expiratory wheezes with broncliial 
obstruction. On the seventh day he became semicomatose. He was started on ACTH, and 
in the meantime liad frequent aspirations by bronchoscopy. On the ninth day we found the 
pCO, had increased from 67 to 96 mm. Hg. The pH had dropped from 7.38 to 7.16. He 
^as completely comatose. We then did a tracheotomy, put him in a Drinker respirator, 
and ga\e him intravenous cortisone. Ho gradually improved. On the tenth day ^\c removed 
him from the respirator, and he made an uneventful recovery. At the time he left the 
hospital ho still liad chronic re«5piratory acidosis because of emphysema. 

Postoperative respiratory acidosis is a more widely prevalent problem than is generally 
recognized. It can be easily confused with cardiac failure and cerebral embolus. One should 
be aware of this.possibility when oxygen is administered to postoperative emphysematous 
patients. Its presence can be pro^ed by estimation of pCO, and pH on arterial blood. 

DR. NEWilAH, (Closing).—I should like to thank the discussants, and to say a word 
or two more about operative management. We think that the management pf these patients 
during the operative period is particularly important; it is important that respiration bo 
assisted even to the point of hyperventilation, and at the conclusion of tho operation, when 
the patient has been recognized as being one who is going to have difliculty from wimt wo 
call tho **emphysematous syndrome” posloperativcly, wo do a tracheotomy at the time, 
before the patient leaves the table. This, we think, docs much toward soUing the majority 
of the postoperative problems, because by eliminating approximately 100 to 150 c.r. of 
**dead air” space, effective movement of the tidal air is facilitated and tho dilution factor 
at the alveolar membrane is reduced. 

In conclusion, tlien, we feel that there is no larger, unsolved problem in tlic thoracic 
surgical field than the patient with obstructive emphysema. Tlic problem is manifold and 
the treatment is complicated. Emphysema complicated with tuberculosis becomes a com* 
munlty problem, and n patlewt v.\U\ such a eombwvaUon wsuwUy bocowics tv etvwdvdtvte for 
surgical treatment. 
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Discussion 

DR. AUSTIN R. GRANT, Brooklyn, N. Y.—In resectional therapy of cases where the 
remaining- lung tissue is emphysematous, a major consideration is to prevent abnormal 
volumetric changes of the remaining parenchyma. In order to prevent these changes, an 
intrapleural tailoring procedure, originally devised by Dr. Miscall and Dr. Klopstock in 
1947, is now being used and studied by Dr. Klopstock, Dr. Seibens, and me at the Veterans 
Administration Hospital, Brooklyn, N. Y., in patients with emphysema of the lung and 
where large segments of lung have been excised. 

The method consists of reroofing the pleural cavity with a sheet of parietal pleura 
following partial pulmonary resection. It is tailored to the configuration of the residual 
pulmonary parenchyma, thus eliminating any residual space. 

It is accomplished without the trauma of rib resection. Importantly, it prevents sudden 
overdistention of the residual pulmonary parenchyma, allowing a subsequent graded and 
adaptable rate of pulmonary expansion. The tent minimizes respiratory distress in the 
patient with marginal pulmonary reserve. It is useful in bilateral procedures and is rela¬ 
tively reversible. 

A patient, H. A., with bilateral cystic disease and emphysema had an excision of a 
left lung cyst with pleural tent on July 24, 1954, and a right upper lobectomy with a pleural 
tent on Nov. 10, 1954. The preoperative and postoperative roentgenograms are shown. 

Postoperative pulmonary fuctional studies reveal a decrease in residual volume, a de¬ 
crease in vital capacity, an unchanged ratio of residual value to total lung capacity, and an 
increased maximum breathing capacity. This is a desirable and favorable functional result, 
avoiding the abnormalities of volumetric relationships which occur in overdistention of lung 
parenchyma. 

A color film shows the technique of reroofing with a pleural tent. 

Postoperative roentgenograms of a second patient illustrate the immediate selective 
limitation of expansion of the residual lung and the subsequent gradual incomplete ab¬ 
sorption of fluid and air above the tent. 

DR. WILL C. SEALY, Durham, N. G.—Respiratory acidosis is a frequent and difficult 
problem in the management of emphysematous patients. It is one that we have to deal with 
not only during operation but in the immediate postoperative period as well. 

(slide) This is not a patient with tuberculosis, but one with a spontaneous pneumo¬ 
thorax that has been present for six months, associated with a bronchopleural fistula. This 
patient had markedly impaired respiratory function. 

(slide) This shows a preoperativc determination of the carbon dioxide tension of the 
blood. He had marked ventilatory impairment with a pCOj of 65 mm. Hg, and an oxygen 
saturation of 82 per cent. He had a left thoracotomy with decortication and expansion of 
the left lung. He did quite well during the procedure, but on the first postoperative day 
the systolic blood pressure was found to be below 100. He was semicomatose. At that time 
the pCO, had increased to 169 mm. Hg, the pH had dropped to 6.97, and the oxygen sat¬ 
uration increased to 99 per cent. The nasal oxygen administration was stopped. In twelve 
minutes’ time, the pCO, dropped to 119 and the oxygen saturation to 89 per cent. This patient 
made an uneventful recovery, the mental changes cleared completely, and at the time of 
his discharge the oxygen saturation -was back to 95 per cent, and there was only a slight 
elevation in pCO,. Patients with chronic respiratory acidosis breathe by means of the 
hypoxic stimulus to the aortic and carotid bodies j and if this stimulus is removed, they 
go into marked ventilatory suppression, causing the CO- to increase further, followed by coma. 

(slide) This shows a preoperative film on a patient with carcinoma of the lung, whose 
condition was quite good before operation. The next slide shows what happened following 
surgery. 
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(slide) The second day after operation he developed expiratorj wheezes with bronchial 
obstruction On the seventh day ho became senucomatose He was started on ACTH, and 
in the meantime had frequent aspirations bj bronchoscopy On the ninth day we found the 
pCOj had increased from C7 to 9G mm Hg The pH had dropped from 7 3S to 716 He 
was completely comatose We then did a tracheotomy, put him in a Drinker respirator, 
and ga\e him intravenous cortisone He gradually improved On the tenth da> we removed 
him from the respirator, and he made an uneventful recovery At the time he left the 
hospital he still had chronic respiratory acidosis because of emphysema 

Postoperative respiratory acido'sis is a more widely prevalent problem than is generally 
recognized It can be easily confused with cardiac failure and ceiebral embolus One should 
be aware of this possibility when oxygen is administered to postoperative emphysematous 
patients Its presence can be proved by estimation of pCOj and pH on arterial blood 

DR NEWMAN, (Closing) —I should Iil e to thank the discussants, and to oay a word 
or two more about operative management I\c think that the management of these patients 
during the operative period is particularly important, it is important that respiration be 
assisted even to the point of hyperventilation, and at the conclusion of the operation, wlien 
the patient has been recognized as being one who is going to have difficulty from what we 
call the emphysematous syndrome” postoperativeh, we do a tracheotomy at the time, 
before the patient leaves the tabic This, we think, does much toward solving the majority 
of the postoperative problems, because by eliminating approximately 100 to 150 cc of 
”dead air” space, effective movement of the tidal air is facilitated and the dilution factor 
at the alveolar membrane is reduced 

In conclusion then, we feci that there is no larger, unsolved problem in the thoracic 
surgical field than the patient with obstructive emphysema The problem is manifold and 
the treatment is complicated Eniphybema <omplicated with tuberculosis becomes a com 
munity problem, and a patient with such a combiuation usually becomes a candidate for 
surgical treatment 



SURGBEY FOR CAVITARY TUBERCULOSIS IN PATIENTS WITH A 

SINGLE LUNG 

Francis M. Woods, IM.D., Norman J. Wilson, M.D., and 
Richard H. Overholt, M.D. 

Boston, Mass. 

'HE manageniGnt of a segnicnt or lobe destroyed by tuberculosis in the lung 
1 remaining after a contralateral pneumonectomy presents a real challenge 
when it will not respond to antimicrobial treatment. Pneumothorax has been 
tried. We have attempted cavitj'^ drainage, Monaldi drainage, modified thora¬ 
coplasties, and extrapleural collapse, usually without favorable issue. 

All these procedures significantly reduce the function of the uninvolved 
segments. Resection of diseased and useless segments or lobes decreases function 
to a lesser degree if the thoracic cage is opened and then repaired anatomicallj’’. 
The benefits of cxcisional therapy need not always be withheld from patients 
possessing only one lung. 

In 1951, the successful wedge resection of an isolated metastasis in a 
single remaining lung was reported by Waterman. Shortly afterward we were 
asked to help a young pregnant mother with a ballooned-up cavity in the apical 
segment of the right lower lobe. The left lung had been resected. The diseased 
segment was surgically excised and she recovered and later delivered normally. 
The baby is well. The mother is alive, although restricted in her activity. This 
experience has led us to attempt to salvage 5 additional patients with tuber¬ 
culous lesions in the lung remaining after a pneumonectomy (Table I). All had 
failed to respond to prolonged and varied antibacterial therapy. 

The surprising feature of the operative procedure has been that in the 
face-down position the patients were carried through an uneventful anesthesia 
with respirations only lightly assisted. An endotracheal tube was inserted un¬ 
der topical cocaine. Cyclopropane induction was followed by ether-oxj^gen 
maintenance manually assisted when the chest was open. The thoracic cage was 
entered through an interspace with only one or two ribs divided posteriorly. 
In closing, the cut ribs were notched, interlocked, and sutured together and the 
interspace closed thus restoring chest wall contour and stability and motion. 

The operative procedure was but slightly hampered by the constant slow 
rhythmic inflation and deflation of the lung. Only limited resections were un¬ 
dertaken. This involved one subsegmental, four segmental, and two lobar resec¬ 
tions. At the close, two intrapleural catheters were used for underwater seal 
drainage with regulated suction. Postoperatively, particular attention was paid 
to management of bronchial secretions and maintenance of a good airway. 

From the Overliolt Thoracic Clinic, Boston, Mass. 

Read at the Thirty-fifth Annual Meeting of The American Association for Thoracic Sur¬ 
gery at Atlantic City, N. J., April 24 to 26 , 1955. 
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Taiieous pneumothorax occurring on the seventh postoperative day. Fortunately, 
an alert resident recognized the prohlem and promptly inserted an intrapleural 
catheter for underwater seal drainage. 

CASE REPORTS 

Case 1. (P. Y.) The patient was a 32»year-old woman who had been treated for 11 
years by left pneumothorax, thoracoplasty, and, finally, resection of a destroyed left lung 
in 1948. She had had several courses of streptomycin. After tlie pneumonectomy, she had 
intermittent positive sputum and an infiltrate in the right middling field. On referral to 
us, she ^Yas four months pregnant and there was a cavity in tlie apex of the right lower 
lobe (Fig. 1, u4). A segmental resection of this segment was carried out uneventfully on 
Jan. 9, 1951. Slie needed bronchoscopic aspiration on the fourth postoperative day and an 
intrapleural catlieter inserted on the seventh postoperative day for tension pneumothorax. 
Despite continued and \aried antibacterial drugs and pneumoperitoneum,' she still has in¬ 
termittently positive sputum. Her activity is limited to a quiet home life and the chest 
x-ray remains stable (Fig. 1, H). 

Case 4. (F. Z.) The patient was a 32-year-old woman who had been treated primarily 
for basal left-sided pulmonary tuberculosis since May, 1949, by rest and left phrenic nerve 
paralysis. In 1950, there was a right-sided spread with pregnancy. Later, treatment by 
pneumoperitoneum was added but left pneumonectomy and subsegment thoracoplasty were 
necessary in April, 1951. The right-sided lesion had cleared (Fig. 2, A), but later broke 
down and failed to respond to a series of antibacterial agents. Cavitation persisted. She 
was clinically well and x-ray study appeared to show all the disease in the apical and pos¬ 
terior segments of the right upper lol>e (Fig. 2, B). On exploration of the right chest, 
the entire right upper lobe was found to be involved. It was removed and an uneventful 
convalescence ensued. She is liome, well, active, and only slightly dyspneic on exertion. 
Chest x-ray remains clear (Fig. 2, C) and sputum negative. 

Case G, (G. C.) The patient was a 24-ycar-old woman who had been treated for ex¬ 
tensive parenchymal and cndobronclual tuberculosis of the right lung beginning in May, 
1949, with streptomycin, para-aminosalicylic acid, aud pneumoperitoneum (Fig. 3,-4). She 
had had a right pneumonectomy in June, 1950, and later a thoracoplasty. In January, 1951, 
there was a left-sided spread. By November, 3953, she was clinically well but had a per¬ 
sistent cavity in the apex of the left lower lobe (Fig. 3, B). A segmental resection of tills 
segment was done together with a wedge from the anterior segment of the left upper lobe. 
No complications occurred and she is well with stable x-ray and negative sputum (April, 
1955). (Fig. 3, C.) 

SUMMARY 

PibrocasGous tuberculosis witli cavity existing in the remaining lung after 
contralateral pneumonectomy which is resistant to antibacterial agents has pre¬ 
sented an ordinarily insuperable therapeutic problem. Limited excision is pos- 
.sible, if the remaining segments arc healthy. Younger patients will tolerate 
such excision best, particularly if the remaining lung is on the right. Six such 
resections have been carried out with 4 unqualified successes, 1 death, and 1 
patient alive but with intermittently positive sputum. 

Note: tVe have recently (Feb. 3, 1955) extended this procedure to a G3-yoar-old white 
man who had a segmental resection of the apical posterior and anterior- .‘segments of tlie 
left upper lobe for epidermoid carcinoma. He had had a right pneurnoneetomy for adeno¬ 
carcinoma in August, 1950, 

Discussion 

^ DR. E. E. ROCKEY, New York, N. Y.— I rise to present the case of a 53-ycar-oId 
white man who was submitted to segmental resection of the remaining lung on Juno 1, 1950. 
He had undergone a left pneumonectomy in February, 1949, for undifferentiated carcinoma. 
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^ (Slide) Fifteen months later a recurrence of the disease was noted, which was located 
in the superior segment of the right lower lobe. The patient was submitted to a resection 
of the superior segment of this right lower lobe. He made an uneventful recovery and was 
discharged from the hospital twelve days following the operation. Within six weeks he 

returned to his usual occupation as a house painter. He remained well for an additional 
four months. 

(Slide) An x-ray taken eight months follonung the segmental resection showed evi¬ 
dence of recurrence of the disease, and ten months following the segmental resection, a 
total of twenty-live months from the time of the left pneumonectomy, he died of generalized 
metastases. 


DE. BEET H. COTTON, Los Angeles, Calif.—I rise for three reasons; first, to tell 
Drs. Francis Woods and Norman Wilson how much I have enjoyed their paper. Characteristic 
of their attitude and that of Dr. Overholt concerning resection for tuberculosis, they have 
surmounted technical difficulties to give the patients the best chance for cure. Second, since 
there seems to be a paucity of pulmonary resection in patients with a single lung, I should 
like to report 2 successful eases. 

(Slide) This is an important decision to make in cases that are otherwise liopeless. 
However, I have viewed these cases with misgiving since our last case, which presented such 
a crucial and possibly critieizable decision. 

The third reason is to show slides of this desperate case. 

(Slide) The patient, a 45-year-old man, had coexisting tuberculosis and coccidioidomy¬ 
cosis with a destroyed left lung and empyema. A left extrapleural pneumonectomy was 
successfully performed but the patient continued to have hemoptysis with enlargement of the 
contralateral cavity. A right upper lobectomy, plus resection of the superior segment of the 
right lower lobe, was necessary to remove the multiple cavitation. The postoperative course 
was difiScult due to fluid accumulation. The patient survived and did well. 


DE. DAVID H. WATEEMAN, Knoxville, Tenn.—The equanimity with which the 
papers this morning have been received testifies to the progress of thoracic surgery in the 
field of tuberculosis, and probably also testifies to the mellowing process that has taken 
place in many of the more articulate members of this Association. Certainly nothing is 
sacred. Dr. Woods and Dr. Wilson deserve particular commendation for their contribution. 

Encouraged by our success in the case to which Dr. Woods referred, reported before 
, this group in 1949, we have never hesitated to recommend surgical attack on the contralateral 
lung in pneumonectomized patients when we thought it was indicated. Certainly anesthesia 
is a very important point as Dr. Woods has mentioned; such surgery cannot be done with¬ 
out v'ery competent and successfully controlled anesthesia. I might say, too, that it is 
important to cut down the operative time as much as possible, although I doubt if we can 
perform these operations quite as quickly as Dr. Grant did in his movie. Postoperative care 
is naturally of exceeding importance, as is the cooperation of the patient. Sometimes I am 
inclined to think that the patients we see at the State Tuberculosis Hospital and at some 
of our other sanitoriums are not quite as intelligent as those Dr. John Lewis sees at the 
State Mental Hospital. 

I thought the Association might be interested in a brief follow-up on the patient on 
whom we reported at the meeting in 1949. This was a 52-year-old man who liad had a 
left pneumonectomy performed in the fall of 1942 for a squamous-cell carcinoma of the 
left lower lobe. Six years later, in the fall of 1948, we resected an isolated metastasis 
in the posterior segment of the right upper lobe. His postoperative course was uneventful 
and he survived for more than two years, during which time he led an active business life. 
He died eventually of extensive liver metastases. 

DE JAMES E DAILEY, Houston, Tex.—Despite the apparent ease with which Dr. 
Waterman shrugs off operating on pneumonectomized patients, it is certain that one thinks 
with some degree of hesitation about operating on a person with only one lung. Dr. Woods 
shoU be congratulated indeed on the nice series of cases that he has presented. 

tSlide? I would like to show a case iEustrating the number of insults some individuals 
with Sly one lung can put up with and still survive. This man, in May, 19o0, had a large 
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squamous coll carcinoma of tho nglit lung A little over a yeai after remOMug it, I •\\as 
much surprised to sec the right chest cavity filled with a large cjst containing air Thi'? 
turned out to be a huge cmpli^sematous bulla that crept across tho anterior mediastinum 
from the left upper lobe and completely filled the right tlioracic ca\jt\ It caused no 
symptoms and the individual wont dong for a mwnber of years witli no trouble nhat 
soever until December, 1933, over a year ago 

(Slide) Suddenly, ho dei eloped a apontantous tension pneumothorax and collapse of 
the left and only lung Portunnteh, I saw him qmchly enough to put a tube in lus chest 
re expanded the lung with suction and instilled 10 per cent glucose in the pleural cavity, 
hoping that pleural symphysis uould occur The lung re expanded, he went home, and 
about a uccK later the same thing happened a second time Again a tube uas placed in 
the chest and the lung tl expanded This time I plated 20 per cent gluco<?D in the pleural 
canty Ho was again discharged to his home and thiee weeks later the lung collapsed for 
a third time Ho was brought bad to the hospital cyanotic and gasping for breath and a 
thoracotomy tube was reinserted This tunc, sinco there was no LePago’s glue handy, I 
in‘=ertod 50 per cent glucose The lung re expanded and I began to think of something to 
do to present any more such occuriences 

Pinally, we got courage enough to opeiate I opened the right chest, rcnioied the 
tremendous bulla which completely filled the hcmithorax, ligating and dividing it from the 
loft upper lobe I then filled the space with an Ivalon sponge prosthesis That was in 
March 1954 A little more than a year has now pa«<jcd and the patient has been perfectly 
well to this date Incidentally, he is a good example of a fiicycar cancer cure 

DR RICHARD H OVERHOLl, Boston, Macs —X should like to report one case that 
IS related to tho technical problem of those pre«cntcd by Dr Woods This case is rather 
unique m that it represents, I tiuuk, the only instance in which I sat by for several weeks 
in tho presence of xray evidence of cancer and watd»ed a slmdow grow 

The patient was a 03 year old doctor wlo had been treated for a carcinoma of the 
right lung by pneumonectomy four ind one half ^ears previously In May of last year, an 
area of density was noted in tJic apex of the remaining left Jung No investigation or 
treatment was adii^ed I saw lum again in Noaember after he liad experienced a pulmonary 
hemonhage The x ray revealed considerable enlargement of the area of density It now 
occupied the upper third of the left lung field He came back in Tanuary and wanted to 
know if I would not at least investigate and consider resection Upon bronrho«copy, the 
left hilar structures were mobile All studies of secretions wore nogatuo A cervical node 
dis ection was done and those were negative He then said he was going to commit suicide 
if we did not stop the bleeding He liad had three or four r ithor frightening hemorrhages 
I was then persuaded, somewhat against my bettei judgment, to explore the left chest 
This was done, and wo found the nicdiastmal nodes to be negative I\e ros“cted tho postero 
apical and anterior segments which contained Uie mass A fiirlv laige lingula and lower 
lobe were all that remained He had a smoother convalescence following' this operation than 
that following the right pneumonectomy He was discharged on tho seventeenth postopera 
tive day 

(Slide) There is a final interesting point about this ca'!C He had an epidermoid car 
emoma on the first side and an adOnocarcnioma on the other Ho had been a heavy cigarette 
smoker We persuaded him to give up the habit four and one half years before Surgery 
saved him from tlic cigarette type cancer, nnd he lived lone enough to develop a non smoker's 
type of cancer 

He experiences only slight dyspnea on exertion and is frc" of all pulmonarv syanptoms 
Recently, there was a urinary shutdown which required a transurethral prostatic resection 

DR JOSEPH GORDON, Albuquerque, b. At—I btlievt in the relationship between 
the reactivation of tuberculosis and ovcrdistention of the lung, as was indicated in the 
paper on pulmonary distention presented two years ago I should like to suggest to those 
of you who are contemplating a pneuraoncctomv m tuberculosis, to consnkr carefully aiij,«r^ 
residual lesions in the contralateral lung and do a pn^ * 

embarking upon a pneumonectomy on the opposite side 
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D arling in 1906 gave the name Histoplasma capsulatum to round or oyal 
bodies found in the endothelial cells and monocytes in certain cases of 
splenomegaly. This was found in autopsy material from patients in Panama.' 
In 1934, deMonbreun isolated the organism by culture from a clinical case and 
proved it to be a fungus.- Since 1934, much attention has been given to this 
disease, and we now identify the organism, Histoplasma capsulahm, as the sole 
etiological agent for this disease. Hodgson and associates® summarized 138 
proved cases of histoplasmosis in 1950. In 65 of these cases there was reported 
to be pulmonary involvement. Porsee and co-workers' presented 30 eases of 
focalized pulmonary histoplasmosis folloAving histopathologic examination. 
No recent tabulation of reported cases of histoplasmosis is available, but iso¬ 
lated reports of proved eases have markedly increased in recent years, 
j. Vai’ious classifications of histoplasmosis have been presented. Conant, 
Smith, and others® present 3 distinct types.- (1) primary histoplasmosis, (2) 
reinfection histoplasmosis, and (3) progressive histoplasmosis. Furcolow® is 
preparing to present a clinical classification based on s^nuptomatology. 

Since our series is composed primarily of pulmonary pathology, with 
only one focalized lesion, Ave Avill refer to the clinical form expressed by the 
term “chronic progressiAm pulmonary histoplasmosis” (as suggested by Fur- 
coloAv). This clinical form could be classified under reinfection histoplasmosis, 
utilizing the types just mentioned. This type of histoplasmosis is of particu¬ 
lar interest because of the similarity to chronic, progressive, caA-itary tuberculo¬ 
sis, and AA^e feel our experience substantiates this view. 

Chronic progressive pulmonary histoplasmosis (reinfection tj^pe) Avas not 
assumed to exist until 1948 Avhen Johnson and Batson' and Bunnell and Fur- 
coloAv® presented original eases of pulmonary histoplasmosis AA-ith multiple 
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calcified areas in tlie lungs indicating healing. SutlifE and Ms associates'’ pub¬ 
lished cases similar to these and used the term “active chronic pulmonary 
histoplasmosis.” Their patients presented calcifications in the lungs and 
cavity formations in the upper lobes, suggesting fibrocaseous tuberculosis. 
Sputa were negative for the tubercle bacillus, the tuberculin sldn test varied, 
and the Mstoplasmin skin test was generally positive. Final proof in the 
diagnosis ivas established by finding the organism, llistoplasma capsulatum. 

The Missouri State Sanatorium lies on the iicriphery of the endemic belt 
which includes the Mississippi and Ohio Eiver Valleys and runs along the 
Appalachian Mountains. 'When numerous patients presented findings similar 
to those just described and pulmonary tuberculosis could not be proved, 
chronic progressive pulmonary histoplasmosis was suspected. Eighteen 
proved eases of pulnionaiy histoplasmosis have now been found at our institu¬ 
tion. Seven patients have been subjeeted to .surgery and 5 more were treated 
with MRD-112 (beta-dietliylaminocthyl-feneholatc). 

MATERIAL 

These 12 proved cases of chronic progressive pulmonary histoplasmosis 
form the basis of this report. Tabulation of some of the data as to the surgical 
and medical cases in this report .shows a similarity to cases previously re¬ 
ported. Two of the 12 patients had pulmonary tuberculosis in addition to pul¬ 
monary histoplasmosis. Seven of the patients were submitted to surgery; G 
of these ■ndthout drug therapy and 1 receiving l\rRD-112 for sixty days. The 
remaining 5 w’cre treated with 5tRD-112. The ages ranged from 37 to G2. All 
were men except two; only one Negro patient was in the series. The duration 
of illness ranged from six to sixty-seven months. One patient gave a history 
of pulmonary disease for twenty-five years, but a diagnosis of histoplasmosis 
was not proved. The lesions were confined to the upper lung fields in 8 cases. 
In 4 eases there was bilateral pulmonary involvement. In 2 of thc.se 4 cases, 
the disease had progressed to complete destruction of the left lung with apical 
infiltrations on the right. Eleven patients presented fibrocavitary disease and 
the other one presented nodular tubcrcnloma-like lesions. 

All patients presented upjicr respiratory symptoms with the exception 
of the patient who presented nodul.ar disease. This patient was completely 
asjTnptomatic. We considered the disease to be active because none of the 
patients could be employed at the time of admission to the hospital. All symp¬ 
toms proved to be progressive; repeated x-rays revealed increased disease. 
Table I summarizes the surgical cases. 

Five of the patients who siuwived surgery have returned to normal life. 
One patient died on the tenth postoperative day following a massive pul¬ 
monary embolus. One patient died sixty hours following left thoracotomy 
with acute pseudomembranous enteritis with to.xic hepatitis and toxic nephro¬ 
sis. The remaining 5 (to be reported later) are still hr 
ceiving aminostilbamidine or no drag therapy. 
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EEPORT ON CASES WITHOUT DRUG THERAPY 

Case 1.— S. E., a 59-}-ear-ol(l white woman, was first admiUeii to ti m- 
Sanatorium on Feb. 23, 1953 (Pig. 1). Slio stated that in January, Mji 1 ®ouri State 
hemoptysis, was easily fatigued, and had lost weight. The produetTv ™ '“ugh, 
weight loss was persistent, and the sputum remained streaked with blood '°'**’'* 

January, 1953, she had symptoms consistent with cholecystitis. An '*'* In - 

revealed disease in the right lung, and she was advised by her phv ' 

Sanatorium. At the time of admission she had lost 20 pounds had 1 

sweats, and the cough and hemoptysis persisted. Mild dysiin'en "'B'lt 

e«n.o„ 



Fig*. J.—Case 1. A 59-year-ol(J white woman with proved pulmonarj' histoplasmosis. 


Tlie family history aud past history were noncontributorj'. PJiysical examiuation revealed 
a well-developed, cltronically ill, wJiite woman, showing signs of recent weight loss. Piae^ 
moist rales were heard over the right upper lung licld. The blood pressure was 120/~4. 
The remainder of the examination was not remarkable. Complete blood studies were nor¬ 
mal. Repeated sputum examinations, including cultures, were negative for acid-fast or- 
ganisms. Tuberculin skin tests, first and second strengths, were negative. Coccidioidin 
and blastoraycin skin tests were also negative. Histoplasmin skin test was positJre. The 
patient remained in the hospital as a diagnostic problem. Bronchoscopic eisminatiouj 
including smears for malignant cells and acid-fast organisms, was negative. Oa Sept. 23 ^ 
1953, a sputum culture was reported positive for M. capsulatum. Two days Jater, ^ rig/,j 
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pneumonectomy was performed. The patient had a relatively uneventful postoperative 
course. Cultures from the resected lung were positive for EiMoplasma capsulatum and the 
organism was also identified in the tissues. Serologic studies prior to surgeiy were stable 
at 1:16 on the complement fixation tests. Ten days postoperatively the complement fixa¬ 
tion titer rose to 1:32 and one month following surgery was 1:64. Since that time the 
strength of the reaction to the complement fixation test has declined and at the present 
tiifie is 1:8, as are also the precipitin tests for histoplasmosis. The patient has now been 
followed for eighteen months and is completely asymptomatic. She has gained 20 pounds 
in weight and has returned to her duties as a housewife. 

Case 2.—^E. M., a 53-year-old Kegro woman, developed a productive cough, fever, 
chills, and weight loss in September, 1952. These symptoms persisted, and in December, 

1952, she developed pleurisy on the right side. She was admitted to the Missouri State 
Sanatoriuni on Eeb. 27, 1953. X-ray on admission revealed infiltration in the right upper 
lobe and the superior segment of the lower lobe with definite cavities in these locations. 
Physical examination was noncontributory except for moist rales over the right lung. 
Urinalysis and hemograms were normal. Smears and cultures were positive for acid- 
fast organisms, and a diagnosis of pulmonary tuberculosis, far-advanced, active was made. 
The patient was started on isonicotinic acid, liydrazide (INH), 4 mg. per kilogram of 
body weight, and streptomycin, 1 Gm., twice weekly. A pneumoperitoneum was instituted 
on April 14, 1953, and was discontinued Eeb. 5, 1954. The sputum converted after three 
months of drug therapy. The tuberculin skin test was positive, as was also the histo- 
plasmin test. On Oct. 21, 1953, the posterior segment of the right upper lobe and the 
superior segment of the right lower lobe were resected. The postoperative course was un¬ 
eventful. Acid-fast organisms were not found in the resected specimen, but E. capsulatum 
could be demonstrated in the lung tissue. The patient was discharged on April 1, 1954, 
with two diagnoses: (1) pulmonary tuberculosis, far-advanced, arrested, and (2) pul¬ 
monary histoplasmosis, inactive. Sputum cultures have remained negative for both or¬ 
ganisms since surgery, the serologic titer is negative, and the patient is working. 

Case 3.— ^H. E., a 41-year-old white man, developed a productive cough, malaise, and 
^ pain in the right upper chest in August, 1953 (Eig. 2). A diagnosis of “flu” was made by his 
local physician but, after the symptoms continued, an x-ray of the chest was made in 
Kovember, 1953, and the infiltration and cavitation in the right upper lobe were found. 
He had a weight loss of 20 pounds in four months. He was admitted to the Missouri 
State Sanatorium on Dec. 2, 1953. Physical examination revealed only moist rales in the 
upper right chest. Otherwise, the examination was noncontributory. Routine laboratory 
studies were normal. Twenty sputum smears and three cultures failed to reveal acid-fast 
organisms. Bronchoscop 3 ' on Dec. 21, 1953, was negative. Skin tests were as follows: 
tuberculin, 3 plus; histoplasmin, 3 plus; blastomjmin, 1 plus; and coccidioidin, negative. 
Sputum cultures were reported positive for Eistoplasma capsulatum. Serologic studies 
revealed a complement fixation titer of 1:8. On Eeb. 10, 1954, a right upper lobeetomj’ 
was performed. The patient had an uneventful postoperative course and was discharged 
on IMarch 17, 1954. Repeated cultures since surgery have failed to reveal E. capsulatum. 
The serology is now negative for histoplasmin. The patient has returned to his usual oc¬ 
cupation of farming. 

Case 4.—H. H., a 37-3'ear-old white man, dates the onset of his illness to September, 

1953, when he had a routine chest x-ray made, and was told he had a shadow in the lefl 
lung*. He displayed no symptoms referal)le to the chest. He was admitted to t le j- s 
souri State Sanatorium on Eeb. 6, 1954. Admission x-rays revealed a solid lesion in the 
left lung field in the mid-portion which was interpreted as a tuberculoma or a neoplasm. 
Phj’sical examination was noncontributory. Urinalj’sis and hemograms were norma 
Tuberculin skin test was negative, but the histoplasmin skin test was strongly positive. 
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Bronchoscopy was not remarkable, Bepeatod smears and cultures were negative for acid- 
fast organisms and fungi. The patient refused surgery until a second admission. On 
April 26, 1954, a wedge resection of two tuberculomalike lesions was performed. Both 
lesions were located in the lower lobe. The postoperative course was uneventful. Frozen 
sections revealed a granuloma similar to tuberculosis. Consequent!}-, the patient received 
streptomycin and para-aminosalicylic acid (PAS) immediately after surgery. Cultures 
from the specimen -^^ere reported positive for II. capsulatum. and acid-fast organisms. The 
Schubert histoplasmin complement ti:iation and the Salvin liistoplasmin precipitin tests 
were negative prior to surgery and have remained so since surgery. The patient has re¬ 
turned to work but plan to continue antitubcrculosis therapy for one year postop- 
oratively. 






Fig-. 2 .—Case 3. A 41-year-ol<l %\Iute man «itli pro\cd pulmonary histopla‘!mo.sis 

Case 5.—6. AT., a 46-year old white man, had generalized aches, productive cough, 
and chills in December, 1953. A local physician treated him with penicillin, and after 
an x-ray of the lungs -nas made, ho was admitted to the State Sanatorium on Jati. 4, 
1954. X-rays of the lungs on admission 'revealed infiltration and cavitation in the right 
upper lobe. Physical examination re\ealed moist rales over the right apex, an amputated 
tliird finger on the riglit hand, and an inguinal hernia. Urinalysis and hemogram*? were 
normal. Skin tests were: tuberculin, 2 plusj and fungus skin test, negative. Tnenty 
sputum examinations and three cultures failed to reveal acid-fast organisms. .Sputum 
cultures for fungi were al«o negative. Complement fixation test for histoplasmO'i*? was 
1:8 and the precipitin test was 1;40 on May 7, 1954. On Mav 12. 19.54. a rirrlit upoer 
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lobectomy -vras performed. Eistoplasma capsulatvm was easily identified in the lung tissue. 
The patient was ready for discharge on the tenth postoperative day, w'hen he became 
cyanotic, markedly dyspneic, and complained of a terrific pressure in the chest. The blood 
pressure and pulse could not be obtained. He died two hours later in spite of heroic 
therapy. Autopsy revealed a massive embolism of the main pulmonary artery. 

Case 6.—^D. B., a 43-year-old white man, had a cough with streaked sputum in October, 
1953. The blood-streaked sputum continued intermittently until an x-ray was made in the 
Outpatient Department of the Sanatorium. This showed a cavit}’ in the right upper lobe 
and a suspicious area of cavitation in the left upper lobe. He stated that he also had a 
pleuritic pain in the right chest on occasion. Following his admission to the Sanatorium on 
Jan. 19, 1954, routine urinalysis and hemograms were normal. Tlie physical examination 
was noncontributory. Tliree cultures and numerous sputum smears were negative for acid- 
fast organisms. Eepeated complement fixation titers for histoplasrain demonstrated a rising 
titer from 1:4 to 1:16 over a four-month period. Sputum cultures failed to reveal Eistoplasma 
capsjilattm, however. On June 7, 1954, an apical-posterior segmental resection was performed. 
His postoperative course was uneventful. Tissue cultures were reported positive for E. cap- 
sulatum and negative for acid-fast organisms. He was discharged on June 22, 1954, and 
has returned to his farm. Eepeated cultures for fungi have been negative since surgery 
and the complement fixation titer is now 1:8. Segmental resection of the cavitary lesion on 
the left has been recommended. 

CASES TREATED IVITH lMRD-112 

Six additional patients were proved to have chronic progressive pulmonary 
histoplasmosis by culture of the organism from the sputum. The severity of 
this type of disease and the similarity to cavitary tuberculosis suggested that 
if drug therapy were beneficial, surgical resection for destroyed lung com¬ 
ponents would be safer. The spread factor in the surgery of histoplasmosis 
can be compared to the .spread which occurred in tuberculosis before the use 
of antituberculosis drugs. There was experimental evidence that the anti- 
* fungus agent, ^^0-112,^° would be beneficial in this respect. This drug is 
technically known as beta-diethylaminoethyl-fencholate.®' A dosage of 150 
mg. daily, intravenously, ivas selected and first administered to 5 patients 
starting on June 1, 1954. 

On Aug. 1, 1954, the ease next presented was selected for a left upper 
lobectomy. X-rays of Cases 7, 8, and 12, who received MRD-112, are pre¬ 
sented (Figs. 3, 4, and 5). 

Case 7. — A.. E., a 56-year-old white man, was first seen in the Outpatient Department of 
the Missouri State Sanatorium in December, 1948, after a mobile unit chest x-ray revealed 
pulmonary disease. He was followed in the Outpatient Department through July, 1953. 
All sputum examinations were consistently negative for acid-fast organisms. He had 
experienced progressive dyspnea since 1945. In August, 1953, after cutting silage, he ex 
perienced a cough, productive of purulent material, fever, and chills. He received strep 
toraj^cin and penicillin from his local physician. The streptomycin was continued for two 
months. On Oct. 5, 1953, he was admitted to the Sanatorium, with a history of weakness, 
fatigue, and a weight loss of 15 pounds prior to admission. Physical examination was 
negative except for moist rales scattered over the left upper lung field posterior y. e 
blood pressure was 130/84. The admission x-raj' revealed bilateral infiltration in e 

•Produced bj' the "Wm. S. Merrell Company. 
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apical portion of each lung-. Several definite cavities -were present in the left upper lung 
field. No definite cavities vrere seen on the right. All sputum examinations, including 
cultures, -were negative for acid-fast haeilli. Bronchial smears were also negative fox 
malignant cells and acid-fast organisms. Skin tests were: tuberculin, 3 plus; histoplas- 
min, 4 plus; blastomycin and coccidioidin, negative. Sputa were reported positive for 
Histoplasma capsulatum in December, 1953. Serum sent to Dr. jifiddlebrook for tubercu¬ 
lin complement fixation was negative. The patient had received INH and PAS from 
Oct. 23, 1953, to December, 1953, when the diagnosis of pulmonary histoplasmosis was 
established. He was discharged in December, 1953, to be followed in the Outpatient 
Clinic. Histoplasmin complement fixation was positive on April 1,1054, at 1:128. 



3*—Case 7. A SC-year-oIcl white man vith pro%ecl pulmonary histoplasmosis. 

On Hay 20, 1954, the patient was readmitted to participate in the controlled histo¬ 
plasmosis study (Fig, 3). Uxstoplasma capsvlatum nas again cultured from the sputum on tno 
occasions. Smears and cultures were again negative for the tubercle bacillus. Routine lab 
oratory workup and special liver and kidney tests were run. No evidence of liver or 
kidney damage was found, and the patient was started on HRD*112, 130 mg. intravenously 
daily, on June 1, 1954, Four other patients were started on this drug at the same time. 
After sixty days of therapy, with no obvious improvement, v\e advised a left upper lobec¬ 
tomy in an attempt to remove the cavitarj, components. On Aug. 13, 1954, a left ex¬ 
ploratory thoracotomy was done. A large cavity with extensive reaction was found in 
the upper lobe; however, the superior segment of the lower lobe was markedly involved 
and the basal segments of the lower lobe were emphysematous and cyJ^tic. A pneumonec¬ 
tomy would hav'e been neeessarv’ to remove the disease, and, with the infiltration in the 
right lung, we decided against this surgery. 
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lobectomy was performed. Histoplasma capsiilatim was easily identified in the lung tissue. 
The patient was ready for discharge on the tenth postoperative day, when he becamJ 
cyanotic, markedly dyspneic, and complained of a terrific pressure in the chest. The blood 
pressure and pulse could not be obtained. He died two hours later in spite of heroic 
therapy. Autopsy revealed a massive embolism of the main pulmonary artery. 

Case 6.—D. B., a 43-year-old white man, had a cough with streaked sputum in October, 
1953. The blood-streaked sputum continued intermittently until an x-ray was made in the 
Outpatient Department of the Sanatorium. This showed a cavity in the right upper lobe 
and a suspicious area of cavitation in the left upper lobe. He stated that he also had a 
pleuritic pain in the right chest on occasion. Following his admission to the Sanatorium on 
Jan. 19, 1954, routine urinalj'sis and hemograms were normal. The physical examination 
was noncontributory. Three cultures and numerous sputum smears were negative for acid- 
fast organisms. Repeated complement fixation titers for histoplasmin demonstrated a rising 
titer from 1:4 to 1:16 over a four-month period. Sputum cultures failed to reveal Histoplasma 
capsiilatim, however. On June 7, 1954, an apical-posterior segmental resection was performed. 
His postoperative course was uneventful. Tissue cultures were reported positive for H. cap- 
sulatum and negative for acid-fast organisms. He was discharged on June 22, 1954, and 
has returned to his farm. Repeated cultures for fungi have been negative since surgery 
and the complement fixation titer is now 1:8. Segmental resection of the cavitary lesion on 
the left has been recommended. 

CASES TREATED AVITH MRD-112 

Six additional patients were proved to have chronic progressive pulmonary 
histoplasmosis by culture of the organism from the sputum. The severity of 
this type of disease and the similarity to cavitary tuberculosis suggested that 
if drug therapy were beneficial, surgical resection for destroyed lung com¬ 
ponents would be safer. The spread factor in the surgery of histoplasmosis 
can be compared to the spread which occurred in tuberculosis before the use 
of antituberculosis drugs. There was experimental evidence that the anti¬ 
fungus agent, MRD-112,'® would be beneficial in this respect. This drug is 
technically known as beta-diethylaminoethyl-fencholate.* A dosage of 150 
mg. daily, intravenously, was selected and first administered to 5 patients 
starting on June 1, 1954. 

On Aug. 1, 1954, the ease next presented Avas selected for a left upper 
lobectomy. X-rays of Cases 7, 8, and 12, who recehmd MRD-112, are pre¬ 
sented (Figs. 3, 4, and 5). 

Case 7. — A. E., a 56-year-old white man, was first seen in the Outpatient Department of 
the Missouri State Sanatorium in December, 1948, after a mobile unit chest x-ray revealed 
pulmonar}' disease. He was followed in the Outpatient Department through July, 1953. 
All sputum examinations were consistently negative for acid-fast organisms. He had 
experienced progressive dyspnea since 1945. In August, 1953, after cutting silage, he ex 
perienced a cough, productive of purulent material, fever, and chills. He received strep 
tomycin and penicillin from his local physician. The streptomycin was continued for two 
months. On Oct. 5, 1953, he was admitted to the Sanatorium, with a history of weakness, 
fatigue, and a weight loss of 15 pounds prior to admission. Physical examination was 
negative except for moist rales scattered over the left upper lung field posterior y. e 
blood pressure was 130/84. The admission x-ray revealed bilateral infiltration in e 
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apical portion of each lung. Several definite cavities were present in the left upper lung 
field. No definito cavities were seen on the right. All sputum examinations, including 
cultures, were negative for acid-fast bacilli. Bronchial smears were also negative for 
malignant cells and acid-fast organisms. Skin test.*? were: tuberculin, 3 plusj histoplas- 
min, 4 plus; blastomycin and coccidioidin, negative. Sputa were reported positive for 
Sistoplasma capsxiJatum in December, 1D53. Serum sent to Dr. Jliddlebrook for tubercu¬ 
lin complement fixation was negative. Tlio patient had received INH and PAS from 
Oct. 23, 1953, to December, 1953, when the diagnosis of pulmonary histoplasmosis was 
established. He was discharged in December, 1953, to bo followed in the Outpatient 
Clinic. Histoplasmin complement fixation was positive on April 1,1951, at 1:128. 



Fiir. 3.—Case 7. A 5C-year-o!d white man witii provcil pulmonary histoplasmosis. 

On May 20, 1954, the patient was readmitted to participate in the controlled histo¬ 
plasmosis study (Pig. 3). Histoplasma capsulatxtm wag again cultured from the sputum on two 
occasions. Smears and cultures were again negative for the tubercle bacillus. Routine lab¬ 
oratory work-up and special liver and kidney tests were run. No evidence of liver or 
kidney damage was found, and the patient was started on MRD-112, 150 mg. intravenously 
daily, on June 1, 1954. Pour other patients were started on this drug at the .same time. 
After sixtj' days of therapy, with no obvious improvement, we advised a left upper lobec¬ 
tomy in an attempt to remove the cavitary components. On Aug. 13, 1954, a left ex- 
ploratorj* thoracotomy was done. A large cavity with extensive reaction was fouud in 
the upper lobe; however, the superior segment of the lower lobe was markedly involved 
and the basal segments of the lower lobe were emphysematous and cystic. A pneumonec¬ 
tomy would have been necessary to remove the disease, and, with the infiltration in the 
right lung, we decided against this surgerj-. 
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_ Appioximately four to six hours after surgery the patient showed signs of shock 
•t to whole blood, Levophed, etc. Nine hours after surgery he vom¬ 

ited 3,000 c c. of coilee-ground material. Drainage consisted of only 150 c.e. of blood into 
the thoracotomy bottles. He died in irreversible shock sixty liours postoperatively after 
receiving 8 whole blood transfusions, with anuria for twenty-four hours. Permission for 
autopsy was obtained. 




Fig. 4.—Case 8. A 67-year-olcl white man treated medically with JIRD-112 

The pertinent findings from autopsy were: The parietal pleura on the left was 
markedly thickened and fibrous and there was an inflammatory reaction between the left 
lung and the chest wall. The middle segments of the left lower lobe presented a thin- 
walled emphj'sematous bulla. Throughout the lower lobe were numbers of discrete firm 
nodules. The superior half of the upper lobe and the superior segment of the lower lobe 
presented a large irregular density over which the thick pleura was noted. Beneath this 
pleura was revealed, on section, a thin-walled irregular-shaped cavity, measuring 3 cm. 
in longitudinal dimension. The inner wall was granular and reddish in appearance. The 
tissue around this was nodular, presenting numerous tiny cavities and, at the lower por¬ 
tion of the cavity, there was a communicating bronchus. The right lung showed numerous 
discrete, hard nodules which measured up to 8 mm. and were found to be present in the 
lower and middle lobes. There was marked infiltration throughout the upper lobe. 

Gastrointestinal Tract: The stomach was somewhat dilated and contained approx¬ 
imately 250 c.c. of graj-ish brown material. The mucosa lay free. The first portion of the 
duodenum contained bile-stained mucoid material. The jejunum and ileum revealed a 
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red, friable mucosa which could be easil>’ scraped away. No discrete ulcerations were 
present. The cecum, ascending, transverse and descending colons were filled with dark, 
tarry stool which had the consistency of soft putty. The mucosa was intact and pale red 
in appearance. 

Jl/tcro^copic; Lungs; Sections from the area of the grossly described cavitary le¬ 
sion revealed an irregularly outlined wall, the iuner aspect covered with acidopliilie- 
staming necrotic material. This overlay a zone of fibrotic reaction. The colls showed 
a tendency to picket-fence formation. Subjacent to this there was a loose fibrovascular 
area in uhich multinucleated foreign body giant cells and inflammatory cells were seen. 
Several bronchi showed disfigurement of the walls with desquamation of the epithelium. 
Tissue stained with acid-fast bacilli (APB) and PAS stains failed to reveal tlie presence 
of acid-fast organisms or of intracellular inclusion bodies. Cultures taken from the cavity 
were positive for U. capsidatum. 



Fig 5—Case 12 A Gl-year-old •white man treated medically with MRD-112. 


Liver: Sections shoived extensive central and mid-zone parcjichjmai necrosis The 
cells showed loss of nuclei, marked granularity, and swelling of the cytoplas a. TJie 
peripheral zones showed swollen liver cords and hyperchromatic nuclei. 

Kidne\s: Sections of the cortex showed very extensive degeneration /t Loth the 
proximal and distal tubules. The glomerular tufts were moderately swollen and showed 
some amorphous deposit. 'Within some of the tubules was seen accumulatioj. of slaty gray 
deposit. The medullary portion presented moderate interstitial edema Tiid the tubular 
epithelium appeared intact. The histologic features were those of nephrosis involving 
the corticotubular system. 
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Small intestine: Sections slion-ed pronounced loss of granular epithelial mucosa. In 
some areas the villous processes had sloughed off and instead there u'as a hemorrhagic 
edematous inflammatory tissue. In others, the villous processes presented marked hemL- 
rhagic extravasation. -Throughout the ivall there was much edema and numbers of 
eosinophils and neutrophils. The histologic feature was that of subacute enteritis. 

Final Pathologic Diagnosis: (1) Acute pseudomembranous enteritis with toxic hepatitis 
and toxic nephrosis complicating irreversible postsurgical shock, and (2) pulmonary histoplas¬ 
mosis, bilateral. 


Following this tragedy, no further surgery on these patients was con¬ 
templated until long-term observation and study could be carried out. These 
cases will be published in detail later, but several observations concerning the 
drug, MRD-112, can be made at this time. First, no benefit has been observed 
in any patient with chronic progressive pulmonaiy liistoplasmosis treated 
with MRD-112. One patient treated with this drug suffered a spread to the 
opposite lung three months after therapj’-. Two have shown increased symp¬ 
toms of cough, hemoptj^sis, and weight loss. These two have also .shown a 
marked rise in the serologic titer. All continue to have sputa from which 
//. capmlatum can be cultured, and 4 of the 5 remaining eases show varying 
degrees of liver degenez’ation, as proved by liver biopsy. 


PATHOLOGY OF RESECTED AND AUTOPSY SPECIMENS 

Puckett“ reviewed the pathology in resected eases and was able to iden¬ 
tify the organism, Histoplasma capsulatum, in 22 eases. Four well-defined 
groups were found, varying from a localized pneumonitis to a cavity with 
satellite tubercles. A survey of the pathologic findings in our series revealed 
only 1 case in which the lesion resembled an isolated nodule similar to a tubei’- 
culoma. In the remaining eases, all revealed caAuties of varying size, from 2 
I f to 5 cm. in diameter. Numerous smaller cavities were scattered around the 
, ' periphery. The cavities contained caseonecrotic material and were lined by 
smooth friable walls. The inflammatory reaction extended to the pleura, cre¬ 
ating a thickened fibrotic pleura which could not be separated from the under¬ 
lying lung. An extrapleural resection was required in 6 eases. The pleura in 
Case 1 measured 1% cm. in thickness. 

On microscopic examination the cavities were found to be filled wth 
cellular detritus and caseonecrotic material. The areas of necrosis were bor¬ 
dered by a zone of fibroeytie reaction containing fibroblasts, plasma cells, 
mononuclear macrophages, and foreign body giant cells. Single and conglom¬ 
erate tubercle-like formations were observed and, in 4 of the cases, irregular¬ 
shaped refractile bodies were found within the giant cells. The bronchi within 
and adjacent to the cavities showed varying degrees of bronchiolitis. 

Periodic acid-Schiff stains were a valuable aid in the demonstration of 
the fungi in tissues of 5 of our cases. Peabody and co-workers^- have recently 
reported on the value of this stain in demonstrating fungi in tissues of pul¬ 
monary granulomas. These authors suggest that since fungi cannot be cul¬ 
tured from such small nodular lesions in many cases, this might represent the 
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heahng phase of such disease Fin colow,in 1948, iias of the opinion that 
oiganisms in ealcifled lesions might not he viable "We ceitainlj noiild agiee 
with this, but if a hieakdown oeenried, then a spiead of the disease might 
occur similai to the spread which occurs after the sloughing of a tubei euloiis 
inspissated canty 

SEROLOGIC STUDIES 

Serologic studies hai e been earned out in detail on all patients by the 
U S Public Health Sei vice, Kansas City, Kan, through the cooperation of 
M L Fill colow, MD, Medical Director All the resulting titers cannot be 
tabulated, but in Table II examples of the manner m which we have tiled to 
iitihze this data aie shown Until inoie expel lence is gained in the knowledge 
of seiologic studies, caution in their mteipictation must be used, but we feel 
ceitam facts haic been gained 


Table II SEfOiori Efsults 


CASE 1 

(S E) 

1 

1 CASE ' 

f) (\V 

») 1 

C\SE 

7 (D E) 


1 

DATE 1 




1 

P\TE 1 

[ IIISTOPLASMIN 


IQIQ 

mam 


1 CF ( 

PPT 

8/ 1/53 

32 

SO 

12/17/03 

neg 

60 

5/ 1/54 

1 64 

40 

8/13/53 

1 32 

80 

4/ 5/54 

1 16 

1 40 

6/28/54 

1 250 

40 

9/25/53 

Operation 

6 / i/54 

MRD 112 

6/ 1/64 

UJII> 112 

9/28/53 

16 

80 

0/11/54 

1 8 


6/ 5/54 

1 38 

40 

10/ 2/53 

16 

so 

10/22/54 

32 

100 

6/22/54 

1 32 

40 

10/ 6/53 

32 

so 

12/17/54 

1 32 

100 

7/23/54 

I IS 


10/24/S3 

G4 

80 

2/ 8/55 


80 

8 / 7/54 

1 32 


5/21/54 

8 

40 




8/13/54 

Opention- 

—died 

0/ 1/55 

S 

8 








Tlie eeioloffy on S R Is negatiie The serology on U D has continued to rise since 
MRD 112 w^s administered We feel this precludes surgery The findings at surgery on D C 
revealed extreme activity This was Case 7 
•Complement fixation 
tPrecipitln 


AVe feel that the highest titers icpresent the highest degiee of actiiity of 
the disease Cases are coiisideied positiie and aetne when the titer is highei 
than 1 4 on eithei the complement fixation test oi 1 10 on the pieoipitin test 
It IS from such patients that the oiganism has been isolated A significant 
titer, using the yeast phase antigen, denotes early disease, iiheieas, chronic 
disease is suggested by a significant titer using the broth filtrate antigen, histo 
plasmin In an attempt to apply this knowledge as an aid in opciative iiitei- 
1 entioii, we now wait until a titer of 1 16 or less is obtamed Case 7 had a 
complement fixation titei of 1 32 and a piecipitin titer of 1 40 Marked ao 
tiiity was demoiistiated at autopsy, with positive cultuies hciiig obtained 
fiom the eavitj in the left lung and from a hiHr node 

Complete serologic studies have been utilized in an attempt to follow the 
postopeiatiie cases Pour of the 5 liaie ncgatiie titeis and 1 Ins a comple¬ 
ment fixation leiel of 1 8 Should aiij case show a use in the seiologic titers, 
medical therapy in the form of MRD 112 oi aminostilhaniidine would he in 
stituted, because we feel this would icpicsent ielapse or leactiiatioii of the 
histoplasmosis 
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DISCUSSION 

The effects of medical therapy have been very disappointing in all forms 
of histoplasmosis. Christie and colleagues^ reported that 5 of 12 patients 
with the disseminated form of the disease had recovered following treatment 
with ethyl vanillate. Other forms of therapy have included sulfadiazine, 
bacillomyein, Aureomyein, streptomycin, stilbamidine, isoniazid, and acti- 
dione. Chronic progressive pulmonary histoplasmosis, in spite of its' insidious 
course, has never responded to any form of therapy either. Michael and 
Vogel reported on the use of MRiI)-112 in the treatment of a disseminated 
case of histoplasmosis. Six cases of chronic progressive pulmonary histoplas¬ 
mosis treated at the Missouri State Sanatorium with MRD-132 showed no re¬ 
sponse to this drug. 

Pulmonary resection, as reported by several others,^®- appears to offer 
progress in the therapy of pulmonaiy histoplasmosis. With the exception of 
coccidioidal disease, it has not been advocated widely for other pulmonary 
mycotic infections. Our experience confirms this concept and suggests sev¬ 
eral indications for resection. 

Sutliff, Hughes, and their associates® stated as an indication for surgery: 
a localized lesion without evidence of tuberculosis. Pulmonary coccidioido¬ 
mycosis and tuberculosis occurring as coexisting diseases do not seem to in¬ 
fluence each other adversely.^®’ Our limited experience with tuberculosis 
and histoplasmosis suggests that these diseases do not affect each other alarm¬ 
ingly. We feel that if histoplasmosis and tuberculosis are localized together, 
and that if adequate antituberculosis therapy has been administered, resection 
is deflnitely indicated. We feel that a person weakened by chronic progres¬ 
sive pulmonary histoplasmosis and I’emaining in a tuberculosis sanatorium, 
with or without a diagnosis of tuberculosis, should receive antituberculosis 
■therapy prior to resection. 

The only spread to the contralateral lung in the 12 patients mentioned in 
this report occurred from a large cavity in the right upper lobe containing 
fluid. We had recommended resection, but the patient refused surgery. This 
bronchiogenie spread might have been avoided if the patient had accepted 
resection. We prefer to resect all cavities containing fluid in patients who 
have pulmonary histoplasmosis. In our opinion, this indicated resectional 
surgery. 

Localized or circumscribed pulmonary lesions which remain undiagnosed 
warrant early thoracotomy. A period of six weeks for study and diagnosis 
seems warranted in selected eases. One of our eases in whom cancer was 
suspected fitted into this category, and both acid-fast organisms and JJisto- 
plasma capsulatum were found in the cultured tissues. 

Even though 2 of the patients in this series had segmental resections and 
1 had wedge resection, it is now our belief that lobectomy would be the opera¬ 
tion of choice. Further follow-up studies and operative experiences will be 
needed before this final observation can be completely ascertained. 
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The lole of collapse theiapy in histoplasmosis, thoracoplasty oi plomhago, 
has never l)een studied thoioughl 3 ' Iji cases of chronic progressive pulmonary 
histoplasmosis, thoraeoplastj' prior to resection rnaj' be indicated in an at¬ 
tempt to stabilire the drsease AYe do not feel that thoracoplasty or plombage 
alone rvorrld have any beneficial effect on the type of disease rvhich we have 
been observing at this hospital 

Last, if a drug becomes available which will protect the patient from a 
spread of the histoplasmosis or from a flare-up of stable disease, resection for 
destroyed areas of the lung would appear to be justified 

Follow-up examinations have been performed routinely on all resoeted 
patients In all of the patients uho surrived surgerj-, the complement fixation 
studies have either remained stable or become negative. A rise in the sero¬ 
logic titer rvoiild indicate reactivation of the disease and medical theiapj', such 
as MRD-I12 or aminostilbamidine, would be given 

CONCL,USIONS 

1 Medical therapy in chronic piogicsshc pulmonary histoplasmosis has 
been disappointing Six patients treated with MRD-112, a new antifiingus 
agent, have shown no i espouse to therapy. 

2 Pulmonary resection appears to offci some progress in the theiapj’ of 
ehionio progressrxe pulmonary histoplasmosis It has not been widely advo¬ 
cated and further experiences will be needed before final evaluation as to this 
form of theiapy can be ascertained 

3 Pulmonary histoplasmosis and tuberculosis occur ring ns coexisting dis¬ 
eases are not uneommon Antitubeieulosis therapy prior to resection, if the 
diseases are localized together, appears justified 

4 Serologic studies have proved to be of benefit in the pieopeiative prep¬ 
arations and postopeiatire follow-up of surgical cases It is suggested that 
resection be withheld until the disease is stabilized as judged bj’’ the eoiriple- 
iiieiit fixation test or until the strength of the reaction is 1 8 or less Further 
observation uith relation to the complement fixation studies is also necessary. 
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Discussion 


DR. J. W. PEABODY, JR., Washington, D. C.—As a guest of the Association, I 
would first like to express my gratitude for the privilege of the floor. Having incor¬ 
rectly inferred from the title of this paper that we might he at odds about the merits of 
MRD-112 in treating histoplasmosis, I should apologize for rising to discuss Dr. Polk’s 
splendid presentation,'for it is apparent that we are all agreed on the relative ineffective¬ 
ness of this compound. Actually, our entire experience with the chemotherapy of pro¬ 
gressive histoplasmosis has been most discouraging. Because of previous disappointments 
with any number of drugs exhibiting in vitro effectiveness superior to that of MED-112, 
we were naturally somewhat skeptical prior to its use. The following case confirmed our 
doubts and is worth recording, since it provides the best possible evidence of its clinical 
ineificacy. 

(slide) This is the admission chest roentgenogram of a 40-year-old white male pa¬ 
tient from Dr. .1. D. Murphy’s service at Oteen, N. C., showing bilateral exudative disease 
with left apical cavitation. Sputum was repeatedly negative for acid-fast bacilli, but 
bronchial washings grew out Histoplasma capsulatum as did many subsequent sputum speci¬ 


mens. 

(slide) Here following an interval of bed rest, note the general improvement although the 
cavitary disease in the left apex seems better defined. This patient then received 150 mg. 
of MRD-112 daily, for twenty-three days, only to have a follow-up roentgenogram (slide) 
disclose an extensive .spread to the left lower lobe. Without further drug therapy the 
latter density subsequently cleared. He has since had a thoracoplasty and will probably 
require a lobectomy. 

All of this simply illustrates that as y-ct we have not found a satisfactory therapeu¬ 
tic agent, unless of course the to.xicity of nystatin can ultimately be circumvented. 

While a great many other points might be mentioned, two in particular deserve em¬ 
phasis, namely-, the prevalence of liistoplasmosis and its remarkable similarity to both 
primary and reinfection ty-pes of tuberculosis. It is fast becoming evident that regard¬ 
less of one’s geographic location, histoplasmosis will be recognized proportionately to one’s 
interest and suspicion. For example, we now have resected over 50 pulmonary granulomas 
in more than one-third of which Histoplasma capsulatum can be demonstrated by special 
stains, (slide) This photomicrograph shows nothing more than caseation necrosis, a finding 
once considered prima facie evidence of tuberculosis. The same tissue section, however, after 
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decolorization and restaining by the periodic acid-Schiff method (slide) discloses myriads of 
Uistoplasma capsulaium. This is not to imply that the method is new; it is simply in¬ 
credible that it should be so slow in being accepted. Most pathologists still need to be 
coaxed into giving the PAS and Gridley stains a decent trial. 

Finally, coexisting histoplasmosis and tuberculosis should not bo overlooked, a 
situation we have encountered at least three times, (slide) This patient presented a 
cavitary lesion in the left apex. Sputum was positive for acid-fast bacilli. Three cavities 
were found in the resected specimen, but only one of these contained tubercle bacilli. 
The other two cavities, including the one visualized so nicely in this planigram, contained 
Histoplasnia capsulatnm in tissue sections and grew out Uistoplasma capsulatum. Such 
findings emphasize the need for verj' careful evaluation of every granulomatous process. 

The authors are to be commended for a \'cr)' timely and stimulating presentation. 

PR. FELIX HUGHES, Memphis, Tcnn.—1 hope if you have any lingering doubts 
that histoplasmosis is a separate entity, and an entirely different disease, that this paper 
and the discussion will help to dispel it. With a patient who appears to liave tuberculosis 
but has never had a positive sputum, the probable diagnosis of histoplasmosis should be 
made. The figures presented in San Francisco from the Fitzsimons group were on resec¬ 
tion of granulomas caused by histoplasmosis ivith little active disease. The prognosis 
is good at the onset of the disease, and the pationt may not even bo sick. Then it may 
give rise to multiple calcifications, and I think histoplasmosis is tho cause of many of the 
calcifications that we have in tlie past attributed to pulmonary tuberculosis. I know you 
have seen the cavities that have been present with histoplasmosis in Dr. Polk's slides 
and Dr. Peabody's slides. 

(slide) Here is another that was removed before the diagnosis was made. Wo re¬ 
cently had a patient with all the symptoms of an acute lung abscess, who was treated 
with all the antibiotics, and acute cavitary disease was found when the resected lesion was 
opened. The microscopic picture was that of caseous tuberculosis. However, instead of 
culturing tubercle bacilli, only the Uistoplasma capsulatum grew on the culture media. 
At VAMTG Hospital (Kennedy Hospital) we have had 1C cases and we do not believe that 
^rRD-112 is of great benefit. For cavitarj- lesions of histoplasmosis the complications of 
resections may be compared to resection of active open tuberculous cavitary lesions with 
bacilli resistant to chemotherapeutic agents as shown by Dr, Welles and his associ¬ 
ates, in the first paper presented this morning. Dr. Jlurphy hns 1 patient he thinks was 
Cured by thoracoplasty, and some type of collapse procedure may be of benefit in treat¬ 
ing patients with bilateral cavitary lesions. 

I agree with Dr. SutlilT that tho time appears appropriate to survey tho patients 
under treatment for pulmonary tuberculosis to determine the incidence of pulmonary 
histoplasmosis both as a separate disease and as a complicating lesion. Routine culture 
for fungi of all resected pulmonary- lesions is also recommended. 

DR. SHELDON E, DOMM, Knoxville, Tenn.—East Tennessee hns a higli incidence 
of liistoplasmosis, and the observation of eavitaiy lesions in our practice is not uncom¬ 
mon. One case undergoing resection may bo worthy of a brief report. 

Tho patient (G. E. H.) was a 45-year-old white man. X-ray showed a 2 cm. cavity in 
tho left upper lobe. Tuberculin skin test was negative. Histoplasmin skin test was 
strongly positive. The sputum was negative for acid-fast bacilli but was positive for 
Uistoplasma capsulatum. 

The patient underwent segmental resection of the apical-posterior segments of tho 
left upper lobe by Dr. W. K. Rogers. Pure culture of U. capsulatum was obtained from 
scrapings of the cavity lining. (Slide.) Tho pathologic report was histoplasmosis. The 
patient enjoyed an uneventful postoperative course, and follow-up seven months post- 
operatively shows no recurrence or complication. The patient did not receive MRD-112 
or other .specific chemotherapy. 
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AVe have recently observed bilateral thin-walled histoplasmosis cavities of three 
years ^ standing in a woman patient who had previously undergone right middle lobe lobec¬ 
tomy for bronchiectasis. Bilateral resection is contemplated. 

We would like to stress the danger of overgrowth by E. capsulaUtm following in¬ 
discriminate antibiotic therapy in any patient from the endemic area of histoplasmosis. 
Certainly the routine use of prophylactic antibiotics postoperatively in eases of resection 
for histoplasmosis may be inadvisable. 

DR. BUCKINGHAM (Closing).—^In a diseased condition which so closely resembles 
chronic, fibrotic, cavitary pulmonarj' tuberculosis roentgenologically, the question has been 
asked how we suspect the diagnosis. In all hospital admittances, routine tuberculin and 
Histoplasma skin tests are done. If the histoplasma skin test is positive then further 
investigation is made from the serologic standpoint. This disease is not limited, or at 
least the t 3 'pes rve have seen, bj' the normal anatomic barriers. It e.Ktends through the 
pleura into the intercostal spaces through the .segmental planes and tlirough the inter- 
pulmonarj^ fissures, and it has been our thought that under these circumstances lobectomj' 
certainlj' should be the procedure of choice. We have seen 1 case of the so-called solitary 
granulomatous lesion which the pathologist reported as granulomatous reaction; the acid- 
Schiff stain is almost specific in demonstrating the fungi in the tissues. We agree with the 
other discussants that the drug has not been of anj"^ great help. 

When we first presented this paper for acceptance we thought we might have some¬ 
thing of value in MRD-112, but as we got into the work more and more we realized that 
the drug was not of any specific help in this condition. Liver biopsies in all the cases 
treated with MED-112 showed evidence of damage. 

Dr. Crafoord asked what JIRD is; it is an experimental drug which the Mcrrell Com¬ 
pany has been working on. It has done a great deal of experimental work on fungus 
drugs. 
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introduction 

E XTENSIA^E lesection of one oi nioie lolies, oi multiple segments of the 
Inng lesults in the cieatioii of a laige intrapleiiial dead space If this 
space IS not adeqnatelj eliminated at the time of operation, oveievpansion of 
the lung leading to lung luptuie, increase in the postopeiatiYC complications, 
piolonged postoperatiAe moibiditj, and finallj decieased pulmonaiy function 
maj lesult The usual methods of conti oiling the space have ceitam inheient 
disadAantages In searching foi a more phjsiologic method, the concept of 
fasliioning an intiapleural paitition nas cAohed as a means of effectnely pie 
venting o\ere\pansion of the leniaining pulmonaiy tissue on the opeiatiie 
side Expeiienee YAith the pioduction of 36 pleuial paitifioiis of vaiious ma 
tciials in mongrel dogs is presented along ivith the clinical application of this 
piooedure 


EFFECT OF A LARGE INTBiAPLEURAL DEAD SPACE ON REMAINING PULMONARY TISSUE 


There is no question that if only a small pleuial dead space is piodueod 
by the lobectomy the lemaining lung tissue ivill e\pnnd to fill this cavitj It 
IS especially true m children, ivhere the alveoli appaiently have not oiilj the 
ability to distend hut actually to ineiease in number In adults, hoivciei, the 
lung generally expands by means of dilatation of the ah cob This m ly pto 
giess to the formation of geneializcd emphysema oi emphjsematous bullae 
which so increase the lesidual an as to deciease gieitij the pulmomij fune 
tion of the uiiresected lung tissue If significant amounts of pulmonaiy fihiosis 
aie piesent in the remaining pulmonary tissue, dilatation of the aheoli is 
hampoied and the lung expands but little On the othei hand, if consideiable 
emphysema is present in the leraaiiung lobe, then the CNpansioii of this lobe to 
fill the pleural space lesults in the foimation of laige emphj sematous blebs oi 
bullae Aihich further deciease the pulmonaij function In some instances, ac 
tual luptuie of these emphj sematous blebs may take place 
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If the residual lung does not expand to fill a large pleural dead space, im¬ 
mediately after operation, certain other mechanisms come into play. The 
diaphragm rises and usually is fixed. The mediastinum shifts to the affected 
side, provided firm mediastinal adhesions are not present. The chest wail con¬ 
tracts by narrowing of the intercostal spaces. Finally, pleural fluid is formed, 
much as the so-called “fluid ex vacuo” in artificial pneumothorax, when a 
nonexpansile lung is present. These mechanisms all tend to decrease the pul¬ 
monary function on the operative side. However, of these mechanisms, the 
formation of large amounts of pleural fluid and the raised and fixed diaphragm 
most seriously depress the respiration of the remaining pulmonary tissue. In 
order to decrease the size of the pleural dead space after lobectomy, various 
operative procedures have been employed. 

COSIMON METHODS OF DECREASING PLEURAL DEAD SPACE 

For over half‘a century a number of surgical procedures have been carried 
out to provide collapse of the lung in pulmonaiy tuberculosis. With the intro¬ 
duction of the antimicrolnal drugs to destroy the tubercle bacilli and with the 
great technical improvements that have come with pulmonaiy resection, these 
collapse measures are now being used less and less as primary procedures. 
However, these collapse measures are still employed to decrease the pleural 
dead space following partial pulmonary resection. Diaphragmatic paralysis is 
the simplest and probablj'" the most common method of decreasing this residual 
space. Once the diaphragm is relieved of its downward contraction, it will 
readily rise because of the positive intra-abdominal pressure and the negative 
intrapleural pressure, to obliterate even moderate intrapleural dead spaces. 
If the space is large, however, then this usually is insufficient and it may be 
necessary to add pneumoperitoneum. The latter alone is also done without 
actual paralysis of the diaphragm. This is effectual in obliterating small 
pleural defects. High levels of the diaphragm, however, cannot be immediately 
effected without phrenic paralysis or a previous extensive pneumoperitoneum. 
If the diaphragm is maintained for a long time at a high level in the thoracic 
cavity it becomes stretched and thin. Most of the contractility of the muscle 
fibers is then lost. The weak and thinned-out diaphragm cannot contribute 
greatly to the dynamics of respiration and there is a corresponding decrease 
in pulmonary function on the operative side. Thus, the simplest means of 
controlling the dead space in the pleural cavity may result in permanent loss 
of diaphragmatic action which may greatly decrease the pulmonary function. 

The performance of thoracoplasty to collapse the chest wall has long been 
a common means of controlling the pleural dead space following lobectomy. 
This is an effectual method of closing this cavity and has the advantage of not 
impairing diaphragmatic function on the operated side. It has been used for 
many years throughout the civilized world and probably is the most generally 
accepted method of managing large pleural defects, especially in pulmonary 
tuberculosis. The mortality is low and it is a highly successful operation. 
HoAvever, the drawbacks are well knoAra. First, is the deformity of the thor- 


Volume 31 
Number 2 


DEVELOPMEXT OF TIIE J'LXT'Zl:. IOa 


aeic cage as well as the prolonged pain and ^ . ,, ,, 

pany this operation. Of course, the wore lir-.i-V; y,. , 

plasty, the less deformity and disahility. i , 

moved, then the shoulder disability and pain war ... 

the muscle imbalance and pain may severely ii<i‘;> t- < -f. 
of the operated side, even though the diaphragm h«.> 1 '/' . y 

tainly all thoracic surgeons, who have grown up in \\ t, •) 
have had an appreciation of the discomfort,deformity ••J,',', 
function which the patient suffered in order to be v/t!j (? , 

a simple, effectual and safe technique to take its yda' e. 

Since the beginning of this century, surgeons have in'/ ;•</, 
body prosthe.ses into the extrapleural and pleural piano- ;. ' 

pulmonary collapse for active pulmonai-y tubereiihwis, SV,ii 
technique has been used to decrease the plenral dead f, 
monary resection. Although a host of substances have hu-i 


y'p.. 


V 


ih'it* 

liar 


■„ > ' ^ - 

a few which apparently are quite well tolerated b}- the body, ^ 

paraffin, methyl acrylate (Lueitc), zirconium, and Ivalon rpong,,"* /[? 
vantages of these foreign bodies are that they are light in v.rU/hi t-m ' " 
inserted, and do not produce a great deal of foreign body r<a"Uo» * q/* 
advantages which are well known are those inherent with the inirodi!''^ 
foreign material in any amount into a body cavity or an nriifiebdiy 
space. The use of foreign body plombage as a treatment of pnlmonaT^ 
eulosis has given way to the safer thoracoplasty and pulmonary 
most clinics throughout the world. Following World War IT, l/iieiie'^^^*' 
plombage, introduced by Wilson and Baker,gained some popnhiiV* '** 
prosthesi.s material to provide collapse in pulmonary tuberculosis. lieV^'" *' 
after considerable experience, the nonspecific and tuberculous infi'eti,,,,^' ?*' 
occurred in the spaces about the Lneife spheres have made surgeons lies' 
to employ the.se spheres as permanent prostheses, although wo believe'ii'f 
form of treatment still has its advocates. The writings of Trent,’' Desl-V 
and associates,® Wada,'® and others emphasize the dangeis of this 
when used as a prosthesis. Plastic sponge (Ivalon) first used by Grindlav*!"*! 
co-workers'” has been further imported by Gale and associates.” The hitj, 
workers have reported satisfactory results in 46 out of 50 cases; howeve,' 
Brantigan,” Davis,' and Charhon and Adams” have reported a number o£ 
feetions. We have used the Ivalon sponge as a prosthesis in the extraplem^f 
plane in dogs. Because of the infections that were so produced we have not 
employed it in humans. Since the report by Gale and co-workers,” in lo.Ta 
we hav-e been unable to come across a similar series of eases. Thus, exporienop 
with this type of sponge has not been extensive enough for one to have a final 
opinion regarding its use at this time. It may be, with improvements 
sterilization and in the management of the space, that this, or some otiej- 
foreign body, may be well tolerated. Ilowever, as Clagelt' has stated in 
comments on Gale’s paper, there has been considerable disappointment 
other foreign bodies used in human tissues in the past, nevertheless /nrtber 
trial of this method was justified. 
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THE development OP THE PLEURAL PARTITION 

We have not been completely satisfied with the techniques of thoraco- 
p asty, phrenic operations, and pneumoperitoneum, and the filling of the extra¬ 
pleural or pleural spaces with considerable amounts of foreign body material. 
For some time we have been searching for a simple surgical procedure that 
would be safe and effectual and that could be carried out immediately follow¬ 
ing the lobectomy and yet preserve the respiratory function of the remaining 
Inng tissue on the operative side. It occurred to one of us (L. A. B.) that it 
might be possible to divide the pleural cavity into two compartments: One 
containing the remaining lung, ivhieh could then function in a normal manner, 
freed of the disadvantages of overexpansion, extensive collapse of the chest 
wall, and the paralyzed attenuated diaphragm. The second compartment, 
isolated by the partition, would be nonfunctional and would gradually fill 
with fluid and fibrin clot. By fashioning the partition across the upper por¬ 
tion of the pleural eamty a nonfunctional apical space would be created 
whereas the excursion of the diaphragm and lower ribs would not be impaired. 

Therefore, to test out this concept of limiting pleural expansion, a series 
of 36 partitions were fashioned of various substances in mongrel dogs and the 
dogs were sacrificed at periods from one week to five and one-half months 
(Table I). The technique employed is the following: Under intratracheal 
ether anesthesia, lobectomy of one or more lobes was performed by the indi¬ 
vidual ligation technique. The bronchial stump was covered with a pedieled 
pericardial fat graft, according to techniques that we have previously reported 
both for experimental animals and humans.®* ^ The pleural partition was then 
fashioned out of various substances and inserted into the pleural cavity. 


Table I. Types of Pleural Partitions in Experimental Animals 


*■ PARTITION 

1 NUMBER 

f DATE OF POSTMORTEM 

1 EXAjriNATION 

Tantalum mesh 

7 

35 to 148 days 

Steel niesli 

8 

48 to 300 days 

Nylon mesh 

6 

20 to 176 days 

Fascia lata 

15 

7 to 180 days 

Total 

36 

7 to 300 days 


First, woven mesh of tantalum and stainless steel wire was used. Then about 
one year later, when on the basis of our clinical experience we decided that 
wire mesh should not be used, we started to employ nylon and then autogenous 
fascia lata to fashion the partitions. Following the removal of the lobe or 
lobes of the lung, the remaining lung tissue was inflated to maximum expan¬ 
sion by positive pressure applied through the intratracheal tube. The par¬ 
tition was then sutured in place at the level of maximum pulmonary expan¬ 
sion to divide the pleural cavity into two compartments. This partition was 
usually fixed at the level of the fourth to sixth rib. In the case of the parti¬ 
tion formed with the woven wire mesh, the screen was fixed to the chest wall 
by interrupted silk sutures leaving a space from 2.5 to 3 cm. along the medi- 
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astmum to pi event tianma to the heait and gieat lessels fiom the medias 
tinal displacement ooeuinng iMth lespiiatoiy and eaidial movements Eithei 
plema or a pedieled peiicaidial fat giaft ivas used to budge the defect In 
the case of the partitions fotmed with the woven njlon and the fascia, these 
partitions weie fixed to the mediastinal tissues aiid/oi peiicaidium, as well 
as to the chest wall Following the fixation of the pleural paititioii, the chest 
wall was closed in lajeis with inteiiupted cotton sutures Tempoiaiy closed 
oathetei drainage of the inferior pleuial compaitment was maintained duiing 
closure to expel all the an present and expand the reinaiiung pulmonaiy tis 
sue The cathetei was then withdiawn All dogs suiMied the suigeij with 
the exception of 1 animal which died hefoie the expet inieiit could bo com¬ 
pleted, apparentlj fiom faultj action of the anesthetic machine The dogs 
wore then examined peiiodically to ohseiie the fate of the paitition and the 
secoiidarj effects on the iiiti athoiacic organs 


Tabls II Fate of Pleuual Paptition ix Expepimextal Animaes 

Displaced 
Upward 

Conpiete Inconqilete 


Type of Partition No. 
Tantalum mesh 7 

Steel mesh 8 

Nylon mesh 6 

Fascia lata 1 ^ 

Total 36 



3 

3 

3 

13 

28 


h 

3 

1 

_0 

10 


7 

8 

0 

13 


7 

8 
6 

36 


lATE OF THE IMRXPLEUKAL PARTITION 

What happened to the lutiapleiual paitition is sumnniized m Table II 
Chest roentgenogiaiiis of the dogs with vaiious tjpes of paititions aie shown 
in Figs 1 to 4 It was noted that the wiic scieen paititions weie complete 
in 9 out of 15 instances, piobably because no firm fixation was made lietween 
the wiie scieen partition and the mediastinum ruitheinioic, the wiic scieens 
tended to be displaced upwaid The lung liei mated up a little into the sii 
peiioi compaitment in those cases wheie the partition was incomplete The 
wmen cloth paititions, howeiei, were complete in all hut 1 case Theie wis 
little tendency toward the upwaid displacement and no contiaotion or p ill 
on the mediastinum was noted In one instance thi ’ ' 
tially flee in the siipeiioi space 
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The autogenous fascia lata partitions were complete in aU instances. 
There was no upward displacement. The partition Avas firm and strong Avith 
some pull on the mediastinum. The partition did shoAv signs of contraction 
after the first month Avhich Avas as much as from 20 to 50 per cent in three or 
four months. In no instance did the fascia partition pull free from the chest 
AAmU or mediastinum. There Avas no breakdoAAUi of the fascia so it formed an 
effectual barrier to preAmnt pulmonary expansion. All partitions AA^ere coa'- 
ered AAuth a glistening membrane regardless of type of material used to form 
the partition. 


Fig. 1. 


Fig. 2. 



Fig 3 

Idle iobe is cloudy. Partition complete. mirldle 

^ ‘ c;e.t-r .syS'S ‘ -sw- 

^4^r compartaienL" ar“ clear. Upper compartments cloudy. 
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MICROSCOPIC STUDIES OP THE FASCIA PARTITIONS 

At the beginning of our use of fascia lata to form the partition in dogs 
there was considerable speculation as to the fate of these rather large grafts. 
Smaller grafts had been used for years in hernias and plastic operations and 
larger ones for chest wall defects.'^ Therefore, microscopic studies were car¬ 
ried out on these partitions beginning one week after the transplant to the 
pleural cavity up to five and one-half months. In one week’s time (Fig. 5) 
the fascia lata was well preserved in the center of the partition between two 
layers of organized granulation tissue, two to three times the thickness of 
the fascia, containing an active fibroblastic proliferation with numerous 
capillaries and vascular spaces. There was a mild inflammatoiy reaction as 
evidenced by a sparse small round cell and neutrophil infiltration and a 
fibrinous exudate on the surface. Two weeks after transplant (Pig. 6) the 
granulation tissue was more densely fibrous although the fibrocollagenous 
fascia lata was well preserved in some areas. In others, replacement of the 
fascia ivith this fibrous granulation tissue had taken place. Inflammatoiy 
reaction was minimal. 

In six weeks’ time (Fig. 7), the original fibrocollagenous fascia was 
demonstrable as a narrow band in the center of the partition. This ivas inte¬ 
grated ivith the granulation tissue, which ivas now of dense fibrous and flbro- 
collagenous character. There were numerous capillaries and small blood ves¬ 
sels supplying the partition. These apparently arise from the parietal pleura 
and the adherent lung. The fascia lata fibers made up only about one fourth 
of the thickness of the partition which was composed of adult connective 
tissue with only a sparse infiltration with small round cells. After two 
months’ interval (Fig. 8) the partition was entirely composed of a dense 
fibrocollagenous connective tissue of mature cells. It was impossible to dis¬ 
tinguish between the original fibrous tissue of the fascia lata and that of the 
newly formed replacement fibrous tissue. It was a tough living tissue that had 
developed its own blood supply. Observation up to five and one-half months’ 
time have shown no change in the microscopic findings just described for the 
two-month sections. Therefore, these studies reveal that the fascia lata re¬ 
mains viable for a period of about six weeks’ time after which it becomes 
completely replaced with an adult fibrocollagenous connective tissue which, 
having its own blood supply, is a living fibrous partition. In one instance 
where the partition was formed with nylon me.sh, the nylon had separated 
from the chest wall and was lying partially cured up in tlie superior space. 
However, a tough fibrinous membrane separated the pleural compartments. 

OBSERVATIONS ON THE SUPERIOR PLEURAL COMPARTMENT 

In animals with all types of partitions there was a slight shift of the 
mediastinum to the resected side and the intercostal spaces over the superior 
pleural compartments were somewhat contracted. Though the fragile medi¬ 
astinal pleura was found to be tented and displaced to the operated side ire 
do not believe there was any functional impairment of the .structures of fie 
mediastinum. Observations were made up tn siv mro. - v-.fbmJ/ess 
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Fig-. 5. 



Fig. C. 

Pig 5 ._ Dog 299. Fasca lata partition one week after transplantation. Fibers of fascia 

well preserved covered on each side by an organized granulation tissue made up of an active 
fibroblast proliferation with numerous vascular spaces and capillaries. Mild Inflammatory 
reaction present. 

Wig (5 _^Dog 264. Fascia lata partition two weeks after transplantation. Fascia viable, 

but is being replaced bv a densely fibrous granulation tissue with numerous capillaries. 
Adipose tissue clinging to graft along superior border and a small bundle of muscle fiber in 
lower left-hand corner are well preserved. 
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Fis 7 



Fig 8 . 


Fie 7—Doe S'fO Fascia lata partition nix "neeks after transplantation Fascia appears 
as a naTro^v band of flbrocollasenous tissue in center of partition. Adult connecti\e tissue 
replacing fancia makes up most of partition Fat celts and sparse muscle bundles still present 
Thickened pleura and lung seen along inferior border oi partition 


Fig 8—Dog 2CC Fascia lata partition ttvo months after transplant.stion Partition 
now composed of mature flbrocollagenous connectUe tissue Nenly formed connectlie tissue 
cannot be told from original fascia layer Scarred pulmonary tissue nhere lobar fissure hail 
been Incomplete is seen along inferior border. 
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Fig-. 9. Fig. 10. 

Fig. 9.—Dog 295. Twenty-two days after right upper and middle lobectomy with fascia 
lata partition. View, right lateral thorax, bony cage removed. Upper and lower compart¬ 
ments seen from above. Fascial partition ( 1 ) intact. In lower compartment collapsed lower 
lobe (2) resting on smooth diaphragm (3), which is normal. Upper compartment divided 
by phrenic nerve (4). 

Fig. 10.—Dog 295. View of right lateral thorax same as Fig. 9, with right lower lobe 
expanded with positive pressure on intratracheal tube. Note how right lower lobe (2) expands 
normally to All lower pleural compartment below partition (1). Phrenic nerve (3) and 
anterior mediastinum (4) visible in superior compartment. 
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of the material used to form the partition the superior space was completely 
lined with a shiny membrane in all instances where the pleura was complete. 

EFFECT ON THE PLEURA AND LUNG IN THE INFERIOR INTRAPLEURAL 
C05IP..VRTMENT 

The most gratifying observation made in these experiments was the con¬ 
dition of the pleura and the diaphragm in the inferior pleural compartment 
(Figs. 9, 10, and 11). Except for adherence of the superior aspect of the lung 
to the pleural partition, there was complete absence of any pleural adhesions 
in the inferior space. Most important was the freedom of the diaphragm from 
any adhe.sion or clot whatsoever. This permitted the diaphragm to move in 
a normal manner. Parietal pleura and chest wall showed neither fixation nor 
sear, so that maximal chest wall movement apparently was also preserved. 
This meant that, so far as the remaining lobes of the lung were concerned, 
maximum expansion and compression of this pulmonary tissue was preserved. 
This preservation of pulmonary function was borne out by the clinical ob¬ 
servation of the dogs which showed no lack of activity, even though in about 
one half of the cases they had received bilateral lobectomy with only the lower 
lobes on each side remaining for the function of respiration. As far as the 
remaining pulmonary tissue was concerned, there was no evidence of pul¬ 
monary tissue was concerned, there was no evidence of pulmonary emphy¬ 
sema. Mioroscopie examination showed the alveoli to be normal and similar 
to that of normal alveoli before surgery. These findings are most significant, 
and point to the fact that the intrapleural partition had achieved the purpose 
for which it was intended, with preservation of pulmonary function in the re¬ 
maining lung. 

CLINICAL application 

Although this paper concerns itself mainly with our e.xperimental investi¬ 
gation that has been going on for a year and one half, tlie early results in 
human beings should be mentioned. To date our clinical experience is lim¬ 
ited to the use of this procedure on only 9 cases (Table III). With the suc¬ 
cess of the wire mesh in chest w'all replacement in humans and armed with 
our experience in dogs, ive began to make a clinical trial of this technique 
using tantalum rae.sh about one year ago. Our first 5 cases did very well and 
we thought that this was the answer to the problem. In the next 2 patients, 
who were exceedingly bad risks (Cases 6 and 7), a secondaiy infection de¬ 
veloped in the superior pleural compartment. With the occurrence of the 
secondary infection, we stopped employing the pleural partition operation 
clinically and turned to the laboratory again to find new materials out of 
which to form the partitions. We believed it was the material out of which 
we were fashioning the partition and not the principle that was at fault. After 
SLx months’ experimenting with nylon and autogenous fascia in experimental 
animals we became convinced that of alt the materials used, autogenous 
fascia lata was the most satisfactorj- one to form the partition. We 
were encouraged by the fact that’ the large fascia lata grafts used by.- 
Watson and James’* to close chest wall defects had proved sv isful an’ 
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appcyently were well tolerated. Our application of the fascial graft reHed on 
blood supply coming m from the pleura of the chest wall, and mediastinum; 

in their use of the fascia new blood vessels developed from the overlyinf 
muscles. ' ^ 

Table III. Clinical Experience 


CASE 


DIAG¬ 

NOSIS 


OPERA¬ 

TION 


E. C. 
43 M 

B.N. 
39 P 
H. W. 

39 M 

B. B. 
29 P 
O. H. 

40 P 
E. S. 
70 M 

C. C. 
37 P 


D.B. 

55 M 
K. H. 
55 M 


PARTI¬ 

TION 


TB 

TB 

TB 


EUL 

EUL 

EUL 


Bronclii- L L L 
eetasis Lingula 


Cyst 

CA 

TB 

TB 

TB 


LLL 

LLL 

EUL 
EML, 
and 
DLL 
EUL 
DLL 
EUL 
S ML 
SLL 


DIA¬ 

PHRAGM 


INFECTIONS 


SUP. I INF. ( MONTHS 


T. M.“ 

Ex. 

Ko 

No 

12 

Working 

T.M. 

Ex. 

No 

No 

12 

Working 

T. M. 

Ex. 

No 

No 

3 

Died; coronary 

T.M. 

Ex. 

No 

No 

10 

AVorking 

T. M. 

E.X. 

No 

No 

7 

AV^orking 

T. M. 

Ex. 

+ 

0 

7 

.Space sterilized; 
working 

T. M. 

Ex. 

+ 

0 

10 

Apical cavity; work- 


ing 


NjOun Ex. 0 0 Pirst Died; pulmonary em- 

day bolus 

Fascia Ex. 0 0 1 Early OK 


»T.M. = Tantalum mesh. 


And, SO during the past month we have again started employing the par¬ 
tition operation in human beings, using fascia lata with success in one case. 
The early results were excellent but long-time observations are not available. 
It will be noted for the entire series that the results were excellent in all pa¬ 
tients snrviving surgery with the exception of 1 case. In 2 cases in which 
the partition was formed out of ware mesh, a secondary infection had devel¬ 
oped in the superior pleural compartment. It was of interest that in both 
cases the lung completelj'- filled the inferior pleural space and the pleura, lung, 
and diaphragm were not involved. Furthermore, a limiting membrane rap¬ 
idly formed to encase both surfaces of the ware screen which completely iso¬ 
lated the infection in the superior compartment fi’om that of the inferior 
space. Both these patients were extremely poor risks and we believe they 
would not haAm tolerated either thoracoplasty or phrenic crush with an ex¬ 
tensive pneumoperitoneum to fill a huge dead space. In both cases the infec¬ 
tion Avas drained several Aveeks after surgery, Avhen the patient’s condition 
had stabilized. In one instance it Avas possible to sterilize the superior pleural 
space Avith antibiotics so that the drainage tube could be remoA'ed. The pa¬ 
tient noAV has a solidly healed chest Avail and there is no evidence of infec¬ 
tion in the superior space. He is AA^ell and Avorldng as a cab driver. In the 
second ease, in -Avhich Ave classify the result as only fair, the cavity is slowdy 
decreasing in size. It is noAV about 30 e.e. HoAvever, the patient’s pulmonary 
condition Avas so poor that, in spite of the infection in the superior pleural 
space, Ave believe that the preservation of the Adtal basal segments of the loAver 
lobe of the right lung saved the patient’s life, for the contralateral lung Avas 
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Fig-. 14.—Case 1, E. C, Special kyphotic posteroantenor chest film months after operation 
Note central bulging of partition and clear diaphiagmatic angles 



1 -c _Case 1 E C One vear after operation. Posteroantenor \iew- on inspiration 

shows diaphragm at ele\ entli rib On expiration the diaphragm rises ti; o and one-half inches 
Diaphra^^ acUon marked; contour completely free of adhesions or pleural reaction 
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l)raotica]]y fuiiotionless from fibrosis, permanent diaphragmatic fixation, and 
marked postpneumothorax pleural thickening. She desperately needs the 
remaining portion of the right lower lobe of the lung to carry out respiration. 
AVe believe the patient would not have survived an extensive thoracoplasty, or 
paralysis of the right diaphragm following the multiple lobectomies on the 
right. Coeanse of the steady clinical improvement and decrease in the pleural 
space, we have delayed in the removal of the superior wire mesh screen and 
the performance of a limited thoracoplasty, which she now can tolerate from 
the point of view of pulmonary function. 

The excellent results of pulmonai-y function in the other cases, especially 
Case 1, with pulmonary tuberculosis (Pigs. 12,13,14, and 15) and Case 5, with 
an extensive emphysematous cyst of the lungs cannot be overlooked. In Case 
5, no other form of surgical i)rocednrc which is commonly used today to de¬ 
crease the pleural space would have been satisfaetoiy. The vital capacity is 
increased from around 1,100 to 2,200 following surgery, and the patient is 
no longer bedridden and is now doing her o'wn housework. 

DISCUSSION 

As far as the experimental evidence goes in the 3C partitions made in 
dogs, the results were excellent without any infection. This fact alone com¬ 
mends this procedure for further clinical trial. The pleural partition pre¬ 
vented overexpansiou of the huig with tlie preservation of function of the 
diaphi-agm and chest ivall movement on the operated side. Thus, we believe 
that this procedure is more physiologic than diapliragmatio parab’sis with or 
without pneumoperitoneum or thoracoplasty. Wade’^ has recently made an 
elaborate study of tlie role of the thoracic cage and diaphragm in respira¬ 
tion. His investigation showed that the diaphragm contributed 75 per cent of 
the ventilation of the lung while the chest wall contributes the remaining 25 
per cent. The diaphragmatic movement in quiet respiration is 1 to 2 cm. but 
may increase to 7 to 13 cm. with deep breathing. Tie showed the chest cir- 
eumferenee in quiet respiration to increase from 1 to 2 cm. while with severe 
effort it may enlarge from 5 to 11 cm. Hor .si.x to eight months after birth, 
re.spiration is almost entirely diaphragmatic, from which time on the chest 
begins to contribute to the ventilation of the lung. Although Best and Tay¬ 
lor' believe that diaphragmatic motion contributes only CO per cent to ventila¬ 
tion as compared to the 75 per cent reported by AA'ade,’® the preservation of 
the function of this structure is of tremendous importance to the poor risk 
patient. 

The physiologic function of the apex of the lung is much less than that 
of the middle and lower portions, due to the lack of motion of the apices with 
respiration. Therefore, we believe that it is important to make the funetion- 
le.ss compartment at the apex. In lower lobe lobectomy, by freeing up the 
iiilus of the upper lobe of the lung, it is possible to form an apical compart¬ 
ment without undue torsion or poor drainage from the di.splaced iqiper lobe 
hronolius. Thus the ventilatory cllcet of the diaphragm and lower chest wall 
on the lung is pre.served, for the upper lobe can then fnnetinn lilre n In^ve.- 
lobe. This was done successfully on 3 dogs and in 3 of 
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The drawback of the partition operation is the possibility of infection in 
the superior space. Whether this Avill prove to be greater in the series of 
patients with fascia lata partitions than is found in simple lobectomy remains 
to be seen. From our limited experience we believe it would be higher in a 
large series with wire mesh partitions. The fascia lata has the advantage 
of becoming completely replaced by a living fibrocollagenous connective tis¬ 
sue with its own blood supply from the pleura of the chest wall and medias¬ 
tinum. If an infection develops in this space above a fascia partition, simple 
drainage with or without a subsequent limited apical thoracoplasty,' should 
solve the problem. Experience has shown that wire mesh usually must be 
removed in the presence of infection, and we plan to do this eventually in 
Case 7. The 2 cases in Avhich there was a pleural infection differed from the 
ordinary postoperative generalized empyema in that the infection was lim¬ 
ited to the superior compartment and the lower compartment was completely 
filled with lung tissue and remained uninfected. Thus the diaphragm and 
chest wall action was preserved even though an apical empyema developed. 
Furthermore, a late, limited thoracoplasty, we believe, can be tolerated by 
these extremely poor risk patients Avhen the function of the remaining lung 
has returned to a near normal leAml. 


SUMMARY 

1. The concept of the formation of the pleural partition to prevent over¬ 
expansion of the lung has been presented. 

2. Experience with the formation of 36 such partitions in dogs is re¬ 
corded. 

3. The operation Avas shown to be successful in the experimental animals. 

4. Fascia lata AAms proved to be superior to tantalum, steel mesh, and 
nylon cloth as a material to form a partition. 

5. The advantages of this procedure lie in the prevention of the over¬ 
inflation of the remaining lung Avithout sacrificing diaphragmatic and lOAver 
chest Avail function. 

6. The disadvantage lies in the possibility of localized infection of the 
superior compartment. HoAvever, this localized infection may not be as dis¬ 
abling as a generalized postoperattye empyema. 

7. Only limited application has been made (9 cases) in patients Avith 
huge pleural dead space, folloAAung lobectomy. 

8. Early clinical results Avould indicate that further tidal of this pro¬ 
cedure is justified using fascia lata to form the partition. This trial should 
be restricted to those eases AAuth a large intrapleural dead space. 

We should like to express our appreciation to Florence Ehudy, M.D., for her assist¬ 
ance in the pathologic studies on the pleural partitions and to Lester Gibson, M.Sc., of the 
Hunterian Laboratory for technical assistance with the animal experiments. 
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Discussion 

DR. JOHN W. BELL, Sunmount, N. Y.—I think Dr. Brewer should bo complimented 
on this fascinating contribution to the problem of intrathoracic space following resection 
surgery for tuberculosis. The use of a partition maj' be verj" helpful when such a space 
exists, particularly in the problem where the parietal pleura has been dostroj’ed in mo¬ 
bilizing the upper lobe. 

We have bad experience with 25 pleural tents of the type described this morning. 
Our technique is similar to that described bj' Miscall and Klopstob and shown to jou in 
their excellent movie, The pleural tents, or caps, have been fashioned at the time of 
operation at the conclusion of the resection. They have been very convenient in avoiding 
temporary space problems where they could be anticipated. I should liho to mahe several 
technical points about these tents. Of course the pleural cap depends on the integritj- of 
the parietal pleura. Whore the pleura has been damaged bj’ mobilization of the upper lobe 
it may be necessary to use a partition of some of the prosthetic materials selected by Dr. 
Brower. All of our tents have been made from the parietal pleura. Occasionally there 
is a small rent in the pleura and air will leak up from the intrapleural space, even though 
it is drained with two tubes, into the extrapleural space above the tent. This maj' produce 
a tension pneumothorax which will dissect into the tissues and give alarming subcutaneous 
emphysema. This possible accumulation of air must be watched for and it maj' bo neces¬ 
sary to decompress the extrapleural pocket with a third tube. The tent has been* ver^' 
useful in our hands in avoiding transient space problems. 

No evidence has been presented today or in the literature that I know of, that tents, 
or even thoracoplasties for that matter, prevent overexpansion. Disregarding the fact 
that overexpansion has, we think, little to do with reactivation of residual tuberculosis, 
the overexpansion that the surgeon is trj'ing to prevent may, of course, already have oc¬ 
curred when the surgeon enters the chest. Contracted segments co-exist with hyperinflated 
segments or lobes, so that nature has anticipated the surgeon in many instances. 

Wo think these tents or partitions should have wider application in avoiding space 
problems in resections for tuberculosis. 

DR. EDGAR DAVIS, Washington, D. C.—I rise for two Comments only, first, i -ird- 

ing the use of Ivalon sponges and, so-*'-''' -* ’ -^ 

tent.” As you may recall, several y 
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Ivalon sponges, I issued a word of warning about the hazards of this prosthesis. Inasmuch 
as It continues to be used, I would like to report that we have now completely abandoned 
its use. Almost all our patients in whom it was used have got into trouble, some as lonn 
as three and four years afterward. 


Second, a number of years ago we started to do a procedure called an extrapleural 
apicolysis for the purpose of preventing overexpansion of the partially resected lung. It 
IS interesting to see the same procedure now proposed as a new idea under the descriptive 
term “pleural tent.” I feel that the bad results obtained from extrapleural apicolysis 
were due to the fact that a plombage was introduced at the time of surgery. Following 
lobectomies we soon learned that if we merely pulled the pleura down as was described 
this morning and sutured it in much the same manner as the present authors describe we 
could obviate complications by deferring the introduction of a plastic prosthesis for a 
week or ten days. Then a small incision could be made in the apex, the fluid and fibrinous 
exudate removed and the space filled with Lucite spheres. So far as I recall we have used 
this in some 60 patients and have so far had no reason to regret it. 


DE. BEEWER (Closing).—I wish to thank the discussants for their remarks. Their 
expression of the dangers of the use of large amounts of foreign body material in the 
extrapleural and intrapleural planes certainly reflects an experience that is widespread 
today. We have tried to. use parietal pleura to form the partition. Pleura is usually 
fragile and will not hold the suture so that this material has been unsatisfactory in our 
hands. A thickened or inflamed pleura once freed from its blood supply might be the 
source of infection. The problem of drainage is exceedingly important. We employ two 
drainage tubes both anteriorly and posteriorly and can see where three might be advifsable. 
One must be careful to place one of the drainage tubes at the extreme apex of the inferior 
pleural compartment whether thej’- be placed anteriorly or posteriorly. In some instances 
two should be placed at the apex of the pleural compartment if there is leakage of air 
from an emphysematous lung. The drainage of fluid has not offered a serious problem. 
This is probably true because the lung completely fills the inferior pleural compartment to 
seal off this space, provided the air has been adequately removed by suction. In some of 
the early cases we did have air passing up into the superior pleural compartment with the 
result that subcutaneous emphysema occurred. The proper placement of the drainage tubes 
and constant negative suction will prevent this. 

The dangers of use of tantalum mesh is well taken. As pointed out in the paper, 
wo have abandoned the use of this material to form a partition, and now use fascia lata. 
In the 2 patients with a superior compartment in which tantalum mesh was used, there was 
no general pleural infection. The inferior compartment was free of infection and the 
function of the diaphragm, lower chest wall, and remaining lung was preserved. This was 
lifesaving in the woman who was depending upon the basal segments of the right lower 
lobe for respiration with a poor functioning contralateral lung. We doubt if she would 
have survived a generalized pleural infection. 

However, infection is the only drawback that has been observed to date in this 
method, and the operator must be careful with the preoperative preparation of the pa¬ 
tient, the operative technique, and the postoperative care, to prevent such infection. From 
a physiologic point of view this method to our knowledge preserves the pulmonary func¬ 
tion on the side of the resection better than any other procedure currently used. At the 
present time we are undertaking studies to demonstrate just how successful this preserva¬ 
tion of pulmonary function is. The advantage of fascia lata lies in the fact that it is not 
a foreign bodj^, that it is completely absorbed and a living membrane takes its place. 
Even though one might encounter an apical infection in the superior compartment, simple 
drainage would probably take care of it in most instances, with a limited apical thoraco¬ 
plasty the maximum that would have to be done. In several cases in which we have used 
the pleural partition, where thoracoplasty or phrenic paralysis of the huge pneumoperi¬ 
toneum were contraindicated, we wondered what we would have done had not the tech¬ 
nique of the pleural partition been available. 
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INTRODUCTION 

S ubsequent to the first eflcctuc mtiathoiacie ligation of the tlioiacic 
duet b} Lanipson'' in 1940 to contiol elij Iothoia\, an ineieaMiig niimbei of 
siniilail 3 successful surgical e\peiienccs ha\c been lepoitcd' - a i n 13 jo a "o 
Since the piimaij coneoin of the piesent aiticle is not ivith the histoiieal aspects 
of ehjlothoia\ 1101 its etiologi, diagnosis, iiioitalitj, 01 o\peiinicntal studies, the 
leadei is lefoiied to the inanj excellent iinestigations and loiieivs uliich haie 
appeared in the liteiatuie ” < « « >» u >« »» The piiipose of this cominiinication 
IS to piesent the lesults of anatomic studies of the thoiacic duct sxstem as ivcll 
as to lecord oui expciionees Pith a ladiopaque technique foi Msualiration ot 
the thoiaoie duct at the time of its delibeiatc suigical interiuption in the tieat 
nient of chjlous effusion 

Eemonstiation of the thoiaeie duet hi eontiast loentgenogiapln is neithci 
a lieu noi an oiiginal concept Aeeoiding to Scannell,'-' it*,was suggested hj 
Cliui chill and successfully accomplished by then gioup in a dog with excellent 
delineation of the thoiaeic duct Emerson m 1947 excised a supiadiapluagmatic 
thoracic duet ejst and at opeiation injected the cjst with Eiodrast, obtained a 
poitable film, and proied communication of the 03 st Pith the thoracic duct 
ceplialad to it Caiidad injection was not jicrfoimed Anatomic studies of the 
thoracic duct in fiesh post mortem subjects bj such ladiopiqiie teeliniiiues hare 
also been lepoited ^ Touroif and Selej"" instilled Lipiodol into the mediastinum 
folloping excision of a mediastinal lijgioma foi chioinc chjlothoiax Ap 
paientlj no attempt ivas made bj them to canmilate and nsiialize the duet, 
the Lipiodol being cmplojed to pioniote an inflimmatoij response and sub 
sequent fibrosis of any residual Ijmplntic ladiclcs not ligated These obsona 
tions suggested to us that loutme radiopnuc x isualization of the thoracic duct 
srstem at the time of opeiation might prore a xalinhlo adpinet to the suigical 
inteiiuption of the tlioratie duct b> exposing acccssoij ducts to ensure their 
leeognition and subsequent identification and duision at the diaphragm No 
lepoits adroeating such use of the technique heieiii desciibed hare been touiid 
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intioduccd bj means of small plastic catlietcis with which both ends of the 
divided duct had been cannulated, and aftei the injection of 5 to 10 cc of dje 
both eephalad and candad, one or moie radiogiaphic cxposiiios in antero 
postorioi piojeetion ueie obtained In 27 cases these studies vere perfoimed 
on fresh post nioi tern subjects bv utilizing 50 per cent sodium iodide solution 
In the remaining 3 cases, obseivations -nere made at the time of siiigeij bj an 
essentiallj similai technique save that 70 pci cent Diodiast oi Urokon ivas 
utilized Follouing anesthetization, the patients ueie placed in either the 



Fip 3—\nteroposterlor films of autopsy specimens following proximal and distal In 
jectlon of 50 per cent sodium Iodide solution into the thoracic duct at the le\eZ of the dia 
phrapm Line drafting of duct «>stem is to right of coiresponding film t Complete right 
sided drainage. Insula In midthorax Smglc trunk at diaphragm Group I B Single du t 
throughout thorax Group II G Left sided drainage Insula in nildthorax Single trunk 
at diaphragni Group Ill B Many trunks at diaphragm Loiv insula Group IV E. Doublf' 
duct at diaphragm Group V « a » xv, xjumuix 
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supine or lateral position over a portable Potter-Bucky diaphragm and expo¬ 
sures made immediately following injection of the dye. ■ In 2 operative cases 
(Cases 1 and 2), methylene blue was injected prior to the radiopaque dye in 
an effort to identify the site of chyle leakage. In all the autopsy specimens, 
methylene blue Avas injected after the x-ray exposures Avere taken in order to 
facilitate identification and dissection of the duet system. The ducts Avere 
then dissected out folloAving removal of the thoracic and abdominal viscera. 
Histologic examination of the eisterna ehjdi and various portions of the duct 
AA^ere undertaken and correlated Avith the over-all pathologic findings. 

ANATOMIC FINDINGS 

A brief revicAV of the literature concerning the anatomy of the thoracic duet 
seems indicated at this time since diametrically opposed ohservations led us to 
pursue additional anatomic studies. That the thoracic duet is subject to con¬ 
siderable variation has long been recognized. Indeed, WinsloAv^^ in 1775 noted 
that the thoracic duet “is sometimes double, one on each side, and sometimes 
accompanied by pampiniform appendages. “ Rouviere” also noted the many 
variations reported in the literature and stated that articles dealing with its 
variations exceed those deAmted to its “normaP’ anatomy. DaAus,® in 1915, 
carefully studied the thoracic duct in 22 cases and described many variations 
Avhich in conjunction Avith those previously reported by others led him to 
classify such variants into general categories Avhich he felt Avere not only ex¬ 
plainable but predictable on the basis of the embryology of the thoracic duct 
system Avhieh is earlj^ represented as a bilaterally symmetrical system and thus 
potentially bilateral throughout its entire course. Of special interest is his 
finding of tAvo or more major ducts at the level of the diaphragm in approxi¬ 
mately 33 per cent of cases. In contradistinction to these observations are 
those of Van Pernis^^ Avho, in a study of 1,081 autopsy specimens, categorically 
stated that the thoracic duct Avas alAAmys represented as a single duct beloAV 
the level of the eighth thoracic Amrlebra, The results of Celis and Porter® utiliz¬ 
ing a technique similar to the one employed in the present study, tend to sup¬ 
port the findings of Van Pernis, although it is to be noted that in only tAvo 
instances was the duct injected in a retrograde manner at the diaphragm, all 
others being injected only in a cephalad direction. In our opinion, this factor 
vitiates their findings since the roentgenographic recognition of double or col¬ 
lateral channels at or below the diaphragmatic level requires such retrograde 
filling to demonstrate their presence. 

In the 30 cases studied by us, the anatomic variations could be classified 
according to five general groups Avhieh correspond closely to the categories of 
Davis. In only one instance Aims the duet entirely right-.sided (Group I). In 
9 cases the duct aa^s essentially single throughout its course (Groiip II). In 
10, the duct Avas single at and beloAV the level of the tenth thoracic vertebra, 
although there Avas a double duct or “insular” pattern in the upper thoracic 
region (Group III). In 5, many channels were noted at the diaphragm AA'ith 
an° essentially single representation above. These Ave have classified as having 
a low insula (Group IV). In the remaining 5 there Avere two distinct ducts 
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at and bolo« tlic le\el of tlie tenth thoracic \eitebia (Gioup V) Eepiesentn 
tiio cvamples of these file catcgoiies are illustiated m Pig 1 and a siimmaii 
of the anatomic findings is depicted diagiammaticall} in Pig 2 
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Fjg- 2—Summarj- of 1713100110 flndmgs In thirtj injected specimens classified into flie general 

groups 

Ill oidoi to assess a possible causal lelationsliip botiveen the laiiatioiis 
noted and malignant disease, the pathologic diagnoses, a-vailablc in all cases 
Mere eoirelated with the anatomic findings It Mas found that in the flist tliioe 
anatomic gioiips totaling 20 subjects, 10 (50 pei cent) had neoplastic and 10 
nonneoplastic disease Of the foimer, most cases MOie fni adianced Mitli mas 
sue geneialized metastascs causing death In Groups IV and V consisting of 
10 subjects, 2 (20 pei cent) had neoplastic disease, and the remaining S (80 
pel cent) died of nonneoplastic disoidcis Continuing study of the anatoms 
and pathology of the thoiacic duct is still in piogicss and Mill foim tlie basis 
foi a moie detailed lepoit in the fiituic 

CONCLUSIONS 

Piom the foiegoing ohseivations, ceitam pcitinent conclusions seem in 
eMtahlc Fust, that contrarj to the findings of some the thoiaeie duet 
inaj bo lepiesentod at the diaphragmatic Icicl hi tMO oi moie majoi tiunKs 
Second, that eiidence thus fai docs not suggest that malignniici, cien though 
Midely disseminated, is iieeessaiilj the cause of such sanations, since SO pei 
cent of the double duct ss stems at Iom Icsels Mcie not associated Mith malig 
nant disease That raalignancj majf eause some incicase iii hmplntic clian 
iiels is suggested in 1 ease of hmphoma (Case 3) discussed beloM 

Our obsenation that loughlj one thud of thoiaeic ducts ha\e tMO oi 
moie tiunhs at the Iciel of the diaphragm is obviouslj of piaetical significance 
in the suigical ticatinent of chjlothorax, and a satisfactoij method of lecog 
iiizing such ducts at the time of opciition Mould appeal to bo of distinct laliK 
The folIoMing case lejiorts are presented ns examples of a satisfaetorj method 
to aclncNc this end 
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CASE REPORTS 

Case 1.—G. A. S., a 57-year-old white woman, was first admitted to the Albany Hos- 
tal on Nov. 12, 1952, with a complaint of increasing dyspnea of seven months’ duration, 
isociated with low-grade fever, but no weight loss. For three months prior to admission, 
le patient had had weekly thoracenteses with relief of the dyspnea but no apparent abate- 
ent in the rate of fluid formation. Physical findings revealed a tliin, emaciated, chronically 
[-appearing white woman, whose vital signs were wdthin normal limits. Slie was moderately 
('spneic and orthopneic. Significant findings were limited to the thorax where there was 
ddence of bilateral pleural fluid, and to the neck and axillae where palpable nodes were 
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present Urinalysis %ias not reinarkable Hemoglobin ^vas 15 5 Gm , red count, 4 7 mvlUon, 
hematocrit, 45, uhite count, 14,300, with a normal differential Total protein uas 
4 5 Gm , 2 4 Gm of albumin, 2 1 Gm of globulin A cenical node biopsy revealed malignant 
Ivniphoma of the Ijmpliocj'tic type Thoracenteses yaeldcd 1,000 cc of tjpical chjlous fluid 
from the right chest and a similar amount from the left The patient v> is given a four 
day course of intravenous nitrogen mustird therapy and discharged uith no demonstrable 
beneflt She uas readmitted on Dec 22, 1952, because of increasing dyspnea Physical 
findings uere essentially unchanged on this admission A chest film revealed increasing 
effusion bilaterally (Fig 3, A) Tlic totil protein had declined someulmt, being 3 0 Gm 
uith albumin of 1 9 Gm and a globulin of 1 7 Gm As a palliative procedure, thoracic 
duet ligation was rccommoiided and the patient had an exploratory operation performed on 

Doc 27, 1952, through the bed of the right ninth rib Upon opening the pleural cavity 

approximately 200 ce of chylous fluid was removed The tlioracic duct was identified above 
the diaphragm, tran«ccteil, and both ends cannulated with polyethylene catheters Jletliyl 
ene blue was iny’cted proximally and distally in order to demonstrate the preson"e of a 
leak, but none was noted Following this, 70 per cent Diodrast was similarly jnyc'’tcd and 
a portable film obtained The film demonstrated m aceessorv duct arising at tlie emterna 
chyli with several cross connections with the cannulated duct (Fig 3, B) This accessory 
duct was located, doubly ligated above ind below, and the lemaining du t was then ligated 
proximally and distally after the catheters hod been removed Following this, a decortica 
tion of the middle and lower lobes was earned out b cau'*e of rather marled thickening of 

the visceral pleura Postopcratively the patient had no fartlier effusion into the right chest, 

although persistent chylous effus on lequiring thoracenteses o^^curred on the loft side Tlio 
patient was treated bv x ray to the left pleura and medmstmum and intrapleural nitrogen 
mustard (Fig 3, C) She was dischirged April 10, 1953, and continu-’d well until Septem 
ber when she giadually begin losing grotind and died on Nov 22, 1953 Permission for 
postmortem examination was not obtained Following discharge until tlie time of death 
the patient remained free of dy'spnea and required no additional thoracenteses 

Comment —The suigical lesiilt m this mstnnee was only paitialJy success 
ful Chylous effusion, tliough eontioiled ou the nglit, pcisisted, though to a 
lessei degree, ou the left Tins is coiistiucd as confiimatoi’j evidence that 
chylothoiax secondaiy to malignancy docs not necessaiily indicate luptuic of 
the thoiacic duct or a major ladicle tlieicof, but piobably results fiom e\ten 
sue disseminated pleuial ‘^wcepmg’^ of rhxlc The radiopaque injection ot 
the duct at suigeiy icsulted m excellent xisualization and indicated another 
channel which was then located and ligaled "Without this aid it is doubtiul 
that tins would have been accomplished 

Case 2—J A, an IS year old white girl, w*is first odmitted*'to the Albany Hospital 
on June 16, 1954, because of a painless swelling, of six months’ duration, jn the lower left 
aspect of the neck On admission blood pre'^sure wns 130/70, pulse 100, respirations' 20, 
temperature 98 6® F Significant physical findings were limited to the neck where tlierc 
was a nontender nodule palpable in the left lobe of the thyroid A chest film was negative 
Urinalysis and a complete blood count were wiUiin noimal limits On the day following 
admission the thyroid gland w is explored at which time a cherry sized nodule was noted 
m the left Jobe of the thyroid and several suspicious conical lymph nodes observed A 
frozen section of one of the cenical nodes vvas reported as metast itic papillary adenocar 
cinoma in lymph node and accordingly a total thyroidectomy was performed The patient’s 
immediate postoperative course was uncomplicated and two days later, under general endo 
tracheal anesthesia, a re exploration was performed, with a left radical neck dissection and 
sternal spUt with lymph node dissection of the superior mediastinum iz During the procc 
dure the left pleural cavity was entered, and the cenical thoracic duct was ligated and 
removed with the specimen Catheters were pltccd in the left pleural space and superior 
mediastinum for drainage The patient’s jostoperativc course was uncomplicated and botli^ 
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Fie. 4 .—Case 2. Traumatic chylothorax jn IS-year-oId white giri following sternotomy 
and neck dissection for thyroid cancer. A, Left chylothorax on second admission seven weeks 
after Initial operation. B, Operative injection of thoracic duct distally. G, After proximal and 
distal injection. There is a single duct at the diaphragm, a short double duct in midthorax. 
X>, Chest Aim six months after ligation of thoracic duct at diaphragm. 


Wheii she was seen two weeks follotving discharge there was noted, fluoroscopically, a 
small pleural effusion at the left base which was not considered significant. Three weeks 
later ilie patient complained of marked dyspnea and on fl.uoroscopy there was shift of the 
mediastinum and heart to the right nith a massive left-sided pleural effusion (Fig. 4, A). 
Thoracentesis yielded 1,500 e.c. of chylous fluid nhicli re-accumulated rapidly in a matter 
of four days and accordingly the patient was readmitted to the hospital on July 27, 1954. 
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Physical examination revealed the vital signs to bo within normal linnt« TLf 
and sternotomy incisions I’icre well healed and the left hemitboraa ras flit to yi-'^ 
with diminished to absent breath sounds tbroaghout intercostal cath*’'ipr vi.'i inyn^-' 
into the left pleural cavity and 1,200 cc of ch>lc obtained The patient \ ds tlfn ♦ 
tamed on catheter drainage but during the ensuing thirteen days tlicre was no t 

m the amount of drainage Serum clcctroljtcs at this time were withm normal Jimitp 
protein was 6 3 Gm with 3 9 Gm of albumin and 2 4 Gm of globulin On Au/ 9, yjji 
an exploratory operition was performed through the *50760111 left interspatf> at i hi h ij 
1600 cc of chyle were aspirated from the left hemithorav There was no timhfaiwg //f 
the \isccial pleura, although there were adhesions between the upper lobe anl ^ 

mediastinal pleura Tlic aorta was mobilized just abo\e the diaphragm li*,ti‘K/a fe*- * 
divieion of two pairs of intercostal arteries and retracted autcnorlj witli i Vtnxoy^ >h^t! 
A someivJi it enlarged thoracic duct waa easiJj identified, and following Oi\ision at thu^ f j 1 
both ends W(r( cannulatcd with small plastic catheters Several Cubic cenllm(ter^ of j J 
eno blue were in]ectcd both pro\imall> and distallj into the thoracic duct through t?/ 
catheters and cxtrai'isation occurred into the iiicdiastmum at the apex of flu fhonv * 
somewhat to the left of the subclavian artery No definite isolated are-i of h-ihig 
noted but it appeared to be a diffuse process Fi\c cubic centimeters of 70 per d/it 
was injected into the distal catheter and an v ra> tahen (Pig 4, B), following which a Mnd r 
amount of Diodrast was injected proximallj and another x raj obtained (Pig 4 ^ C) I},(r 
was no evidence of a second thoricic duct and accordingh the catheters wcr< withUiAn 
and the proximal and di«tal ends of the thoracic duct tnplv ligated with No 2 0 pjlb tK 
pleuril cavity was copiously irrigated with sahne and tho underlying lung re expanded 
pleural space was drained with two separate catheters and routine closure of the wjunl 
earned out Following this procedure the patient’s postoperatnc course w is unoomjhcif^ ] 
and she was discharged on Aug 17, 3934, ou the eighth postoperatnc daj Tin putifjjt h/is 
subsequentlj done well and at no time has there been am evidence of re ftocumulalion of 
chyle in tho chest A film obtained ajproximateU six months following ligation of (hn 
thoracic duct reveals an esicntiallj normal chest (Fig 4 J)) There is no evidence of 
further thjroid malignancj 

Comment —Although the ceiMcal thoiacic duet uas identifled ami hgated 
at the time of ladieal surgon on the neck, an uniecogmzed tumk uas pj,;], 
abh injuied That the clijlothoiax icsnlted from luptiiic secondarj to hgitjon 
IS liighly unlikeh in vicn of o\peiimcntal cMdencc' and in vieu ot tlic find 
mgs at tho time of low ligation of the duct Demonstration of a single durt 
hr contrast loentgciiologi at the time of ligation Mitualh assiued a successful 
lesult Appioaoh to the duct fioin the left side in this case uas gieatlj faeili 
tated bv aiiteiior letnction of the aoita aftci dmsioii of two pans of mtpj 
costal \essels 

Casl 3—M C, a GOxearoId white single woman, was admitted to the Albanj Ho'<pitai 
AF ly 18, 1954, with n cluef complaint of abdonunnl preasuro, backache, mil use, and fatigue, 
of approximatelj tlirco months duration, associated with a 10 pound loss of weight For 
two wcels prior to admis'sion there had been increasing exertional djspnea Plijsical findings 
repealed a pale, chromeillj ill woman with obvious weight Io*!3 Temperature 99® F, pulso 
120 respirations 24, blood prcs‘5urc 120/70 Supraclavicular and axillarj adcnopatliy were 
noted Tlierc was dullness with diminished breath sounds oier the left chc^t po*!teriorly 
Iho liver was jalpablo two fingers below the right costal margin and there wa*» a largo 
nonttnder mass in the epigastrium TXnnalj«5is wa*? mgativc V blood count rcii-nlcd 33 2 
Gm of hemoglobin, with a red count, 36 million, hematocrit, 39, white count 5400 with i 
ma‘!S and a loft sided pleural 0170*1100 (Fig 5, -4) A diagnosis of jnalj>,nnnt Umplioma. 
normal dilTercntial Films of the chest repealed the pre'^ence of a superior mcdiasfirs/ 
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lymphoblastic type, was Biade by biopsy of a supraclavicular lymph node and the patient 
was treated with a four daj' course of intravenous nitrogen mustard followed by x-ray ther¬ 
apy to the mediastinum, abdomen, and axillary areas for a total of 2,000 r tumor dose during 
May, June, and early July. Objectively there was fairly good response to this regimen with 
disappearance of the regional adenopathy, the epigastric mass, and the mediastinal tumor 


8 , 28 .Si 



5 Case 3 Cliylothorax from lymphoma m GO-year-oId woman. A, Chest 

admissimi showmn mediastinal mass and left chylous effusion B, Chest film three months 
fatw fmmwun^x-fay therapy and two courses of nitrogen mustard^ Mediastma nodes have 
repressed but effusion has persisted and increased C. Operatne ductoffrarn after injection 
A°i^lcond maior duct is apparent by retrograde filling from the cisterna chyli Both ducts 
^own con™ect?ng With midthoracic insula D, Chest film nine days following interruption of 
duct There IS mlrlmd clU but still persistent fluid with some air. Pleural reaction 
probably prevented full expansion of left lung 
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on follo\\ up X rny cxamin'ition, houexcr th<* patient complaint of djspnea increased and 
it ^as nece«s iry to perform tlioraccntc'ses with increasing frequeue} so that in the ensuing 
three months approximately lo L of ch}lous fluid had been aspirated from the loft liemi 
tUorav In August of 1954 the patient nas again given a four da} course of nitrogen 
mustard therap} nithout appreciable licncfit and because of a rather marhod depression 
of the uhite count, additional \ ra}r thcrapj uas not deemed advisable Since, at this 
time, the patient’s «i}Tnptoms uerc exclusively related to lier effusion requiring thoracentesis 
once and frequenth twice a weel for relief, hgation of the thoiacic duct as a palliative x>ro 
cedurc was considered (Fig 5, U) Following severil transfusions to improve the patient’s 
anemia ‘«lio was taken to the operating room on Sept 2, 1954, ivhore, under general endo 
tracheal anesthesia, loft sided intercostal catheter drainage was established with the mime 
diate witlidrawal of 1,500 c c of eli}lous fluid the catheter then being attached to an under 
water seal The patient was then placed over a portable Bud v x raj diaphragm, positioned 
in a supine position with slight elevation of the right chest and the table tilted 15 degrees 
to the left to elevate farther the right chest A submammarj incision was made from the 
axiba medialh to expose the eighth interspace which was incised with transection of the costal 
arch No fluid was encountered in the right homithorax The right lung was free of 
adhesions to the diaphragm or parietal pleura Pulmonar} ligament was partially tran 
sected and the right lung mobilized and retracted upward and out of the v\a} Tho diaphiagm 
was retracted iiifcnorlv and tho mediastinal pleura entered just medial to the az }'^08 vein 
Ti'^sues in tins area wore indurated and appeared to contain tumor in masses of nodes It 
was feasible to identifv a single large du^t which was transected, catheterizcd distall} and 
proximall} with plastic catheters, following which 3 cc of 70 per cent TJroKon was injected 
into the distill} placed catheter and a film obtained, following winch 10 cc was injected 
into the proximal catheter and an additional fllra til on (Fig 5, C) Tlie x raj films in 
dicated that the entire area above the diaphragm ippeared to bo composed of one accessory 
and numerous collateral ducts rather than tho smglo duct which had been cannulatcd Ac 
cordingl}, after simple ligation of the major duct, transfixion sutures weio pi iced just 
medial to tho aorta througli the anterior longitudinal ligament and tied The area was 
pad ed with Owed gauz*' to promote fibrosis, following whicli the mediastinal pleura was 
sutured tho right limg re expanded and a catheter left in the right chest The patient’s 
postoperative course was cssentiall} uncomplicated mid botli catheters were removed bv the 
third postoperative da} On the ‘’ixth po«;toperati\c dav, a thoracentesis was performed on 
tho left side and 500 cc of ch}lc was olitained It was felt that this was residual and 
did not necessanlv represent re formation At the time of discharge on the patient’s ninth 
postoperative dav she vias ambulator} and afebrile on x ra} examination the right chest 
was free of fluid and the loft chest contained sonic fluid and incomplete expansion of the 
loft lung (F g 5, V) Following diseliarge the patient did fairlv well })ut gradualh eon 
tinned on a downhill cour o and wag readmitted xor terminal care d}ing on O^t 8 1^54 
Although this pat cut survived surgen for onlj a period of shghtl} over five viccks, during 
tint time she wa& cliiucallv fr e of d}«pnca and rejiurcd no additional thoracintc«ts Even 
on her final admission, breath sounds were clear bilat-'rall} At autopsv, generalized l}nip1iom i 
involving the cervical supraclavicular, axillarv, inguinal mediastinal aortic, inGscutcric and 
hilar nodes was noted as well as extensnt imolvcmeut of tho left parietal pleura an 1 pelvic 
peutoueum There was minimal fluid m the right chest ami 300 cc of chyle in the left chest 

Camvicnt —Thoiacic cluctogiaplu at opciation indicated that simple Iiga 
tion of the cannnlatcd duct would piobabh liatc been ineffoctue It is felt 
that ill tins case the mam collateials lesultcd fiom tho underlying discisc 
Though sunnal was brief follow mg suigerv a satisfacton result with logard 
to maiked doticose in chjlothoiax. was apparent, The right submammaiy ap 
proach was utilized since it was considered to be a moic lapid and less traumatic 
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route in this debilitated patient. The extensive left-sided mediastinal and pleui'al 
involvement by tumor noted at autopsy would have made a left-sided approach 
to the duct impossible. 

DISCUSSION 

The surgical management of traumatic chylothorax is well established, and 
though all observers recommend early conservative management, recent re¬ 
ports^’ indicate a more aggressive attitude favoring earlier surgical interven¬ 
tion when it becomes apparent that lesser measures are ineffective. In general, 
simple ligation of the duet at diaphragmatic level is definitive and the proce¬ 
dure of choice. Other technical methods including plastic repair of the duct 
as advocated by Seaman’" or imidantation of the duct into the azj^gos vein as 
proposed by Hodge and Iris associates® are based upon the repudiated premise 
that ligation will result in rupture of the duct, are technically more difficult 
and time consuming, and arc certainly not applicable in all instances. We con¬ 
cur with those who favor exploration on the side of the chjdothorax in traumatic 
cases, since complete evacuation of chyle from that hemithorax is possible and 
decortication can be accomplished if indicated. Traumatic chylothorax on the 
left subsequent to esophageal resection v/ith left-sided esophagogastrostomy is 
probably an exception. 

Though less frequently encountered, spontaneous chylothorax not the re¬ 
sult of neoplasm is also amenable to surgical correction and presents essentially 
the same problems in management as do the traumatic cases. In ch 3 dous ef¬ 
fusion secondary to malignancy, which is relatively frequent, little information 
can be gained from the literature. Meade and his associates’® reported a 
case in Avhich exploration was performed twice for spontaneous chjdothorax 
and, though malignancy was suspected, it was not proved until later. Deliberate 
surgical intervention for chj'lothorax secondary to neoplasm is at best pallia¬ 
tive, and should be undertaken onlj^ when all other modalities of therapj', which 
are frequent^ effective in controlling such chjdous effusion, have been attempted. 
Our results in the surgical treatment of two such eases are not striking but 
do suggest further evaluation and trial in selected cases. 

Operative visualization of the thoracic duet system by the technique de¬ 
scribed is relatively simple, adds little to the operative time, and is felt to be 
of value in assessing the presence or absence of other trunks which may then 
be located and ligated. Since such variations are present at diaphragmatic 
level in approximately 30 per cent of the instances, the information gained is 
of obvious importance. Where lesions such as cysts or hygromas of the thoracic 
duct are undiagnosed even at exploration the method can be of distinct diag¬ 
nostic value, and its routine employment is recommended. 

SUMMARY 

1. Anatomic studies of the thoracic duet system in 30 subjects by means 
of contrast roentgenography are presented. 
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2 A simple metliod of ^ isualij-ing tlie entiie thoiacic duct sjstem at surgei j 
IS described and 3 cases of ehjlothoia\ in Mlneli sucli opeiative tboiacic ducto 
grams weie obtained aic icpoitcd 

3 The suigical management of clnlotlioiax is discussed and intei\ention 
in selected cases due to malignancy as a palliatuc pioeeduie is suggested 

4 Koutine use of opeiatne thoiaeic diictogiaphj is iccommended in opeia 
tions fot chjlothoiax 

The authors amsIi to express their tlunks and npprecntion to Hr Artliur W Wright 
Professor of Pathologj, Albany Jlcdical College, for permission to carry on the anatomic 
studies in his department, and also to Dr John P Roacli, Professor of Radiologj, Albany 
Medical College, for Ins technical assistance and cooperition in this project 


PEI-LRCNCES 

1 Baffes, T G, and Potts, "W J Postoperative Chylotliora\, Ann Surg 139 501, 1954 

2 Baldridge, R R, and Lewis, R V Traumatic Chjlothoraa, Ann Surg 128 1056, 1918 

3 Baron, C, and Reardon, M Chjlothorax Following a Blow to the Abdomen, J TliORVCic 

Stmo 28 11, 1954 

4 Blalock, A, Cunningham, R S, and Robinson, C S Experimental Production of Chjio 

thorax by Occlusion of the Superior Vemv Cava, Ann Surg 104 359, 1936 

5 Cells, A, and Porter, J K Ljniphatics of the Thorax, Acta radiol 38 461 1952 

6 Davis, H K A Statistical Study of the Thoracic Duct in Man, Am J Anat 17 231, 

1915 

7 Emerson, G L Supradiaphragmatic Thoracic Duct Cyst, Now England J Med 242 

575 1950 

8 Hodge G B, and Bridges, H Surgical Management of Tlioracic Duct Injuries, Surgery 

24 805, 194S 

9 Lampson, R S Traumatic Chylotliorax. J Thopacic Sure 17 778 3948 

10 Lee, F C The Establishment of Collateral Circulation Following Ligation of the 

Thoracic Duct. Bull Johns Hopkins Hosp 33 21, 1923 

11 Loe R H Injuries of tho Tlioracic Duct, Arch Surg 63 448, 1946 

12 MeChntock, J C, Stranahan, A, Allcj, B D, and Baker, W A A Thoraco Cervical 

Approach for hlalignant Disca^sc of the Thyroid Gland, Ann Surg 139 358, 1054 

13 Meade, R H, Jr, Head, J R, and Moen, C W The Management of Chvlothorax, 

J Thoeacic Surg 19 709, 1950 

14 Kouviere, H Anatomj of tlie Human Ljanphatic System (translated bj M T Tobias), 

Ann Arbor, Mich, 1938, Edwards Brothers Inc 

15 ScanncR, J G Discussion of paper b^ Meade, Head, and Moen 

16 Schumacker, H B, and Moore, T C Surgicil Management of Traumatic Chjlothorax, 

burg, Gynec Obst 93 46, 1951 

17 Seaman, J B Rationale and a New Surgical Technique in Traumatic Chjlothorax, 

J Tiioracio Supg 27 529, 1954 

18 Shackelford, R T, and Fisher, A M Traumatic Clijlothorax, South M J 31 766, 1038 

19 Swift E A, and Ncuhof, II Cervicomcdiastmal Lvmphoma With Chvlotliorax, J 

Thoracic Surg 15 173, 1946 

20 Touroff, A S W, and'Selej, G P Chronic Chjlothorax A'^'^ociatcd IVith Hygroma of 

tlic Mediastinum, J Thopacic Sure 26 318, 1953 

21 Van Perm<i, P A Variations of the Thoracic Duct, Surgery 26 806, 1049 

22 Winslow, M Exposition anatoraiqne de K structure du torn's Imrnain, P ins 1775 t III, 

I Parhe, p 352 x . , , , 

Discussion 

DR ELMER P R MAURER, Cincinnati, Ohio —Tlie amazing adequacy of the col 
lateral circulation about the thoracic duct was impressed upon rac in Maj, 1053, when I 
was asked to sec a 37jearold white woman with fluid in the right chest 

(Slide) I think you can see the accumulation here Thoracentesis jiolded 1,000 ct 
of creamy odorle'is fluid which had tlie cliaractcnstics of clijlc This was alkalmized and 
treated with ether This was before this method of treatment and after, giving tlie charac 
tcnstic reduction in volume The patient was treated witli multiple thoracenteses and clo'?(d 
tube thoracostomj drainage for a jionod of three weeks with removal of approximately 7 5 
L of chjlous fluid without anv improvement 
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(Slide) On June 15, 1953, a right thoracotomy was performed tlirough the eighth rib 
bed.^ Ton can see a cylinder-shaped tumor mass involving the thoracic duct, measuring ap¬ 
proximately 2 cm. in diameter, situated between the azygos vein and the aorta. Chyle leaked 
constantly through pin-point openings in this tumor. As the dissection was continued it 
was found that the tumor involved the entire thoracic duct from the aortic hiatus up to the 
point where it crossed the midline into the opposite side and the thoracic inlet. The duct 
in the normal portion high underneath the left pleura was ligated and again inferiorly above 
the aortic hiatus, following which the entire tumor and thoracic duct were removed. 

(Slide) Microscopically, the tumor resembled the characteristic picture of benign lym¬ 
phangioma with numerous networks of irregular endothelium-lined channels containing lymph. 

(Slide) The patient did well postoperatively and was ready to go home on the eleventh 
day. There was no recurrence of the chyle and, up to the present time, approximately two 
years after operation, she has done well. 

To my knowledge this is the first case of primary benign tumor of the thoracic duct 
that has been reported in association with spontaneous chylothora.v. Also, in a review of 
the literature I have encountered no instance of excision of extensive portions of the thoracic 
duct for any cause whatsoever. Obviously, as demonstrated as early as 1922 by Ferdinand 
C. Lee, the thoracic duct can be ligated with impunity and, following ligation (and I think 
this is important) collateral lymph circulation is establislied through embryonic lymph chan¬ 
nels which normally do not function, which in response to ligation may be forced to en¬ 
large and dilate. Also, following ligation lymphatico-venous connections are found to exist 
between the thoracic duct, the azj'gos, intercostal, and lumbar veins. Tlio embryonic thoracic 
ducts are bilateral, symmetrical, and have numerous cross anastomoses. Despite the excellent 
demonstration Dr. Stranahan and his associates have presented today, I think the factor of 
excellent collateral circulation, particularly in light of the clinical e.xperienco I have just 
reported, would indicate that extensive resection of the thoracic duct is possible even in 
those patients who have a single canal, as reputedly occurs in some 60 per cent of the cases. 

DB. BOY KLEPSBB, Washington, D. C.—It is surprising how many surgeons operat¬ 
ing in the neck, mediastinum, and upper abdomen, within a few centimeters of the thoracic 
duct, have never taken the trouble to expose it and to look at it, mucli less to wonder what 
they would do if they did cut it. 

In 1949, while discussing the paper of Dr. Meade at the New Orleans meeting, I pre¬ 
sented a method of diagnosis of chylothorax with the aid of lipophilic dyes. My purpose 
in devising the test was to outline the thoracic duct for verification at the time of operation. 
This did not work well as the dye was not concentrated enough. It was a rather pastel color 
in the duct, and the duct did not visualize because of the pale color in the rather opaque 
duct. However, the fat in which the dye was fed to the patient distended the duct, making 
it easily identifiable. If one gives the patient a small amount of olive oil or butter pre- 
operatively, the duct can be seen to be the size of a load pencil instead of the size of the 
lead of a pencil. We are used to seeing the duct in a collapsed state in the cadaver, or in the 
Starved state in which we operate on patients, so we seldom see a distended duct. The duct 
thus becomes much more readily identified if it is distended with oil preoperatively. 

In using the dyes diagnostically the dye is mixed with butter and is fed to the patient 
the night before thoracentesis. It is better to feed it as a sandwich, in the dark, because 
the dyed butter looks like used wagon grease. It is spread thickly, about a quarter pound of 
butter with an ounce of the dye. The following day the chest is tapped. The chyle, winch 
has been milky or possibly blood-tinged, will then be green, or purple, or red, depending 
on the dye used. This test not only tells us that it is chyle, but also tells us that the duct 
is still leaking. 

Our method of ligation is to go in on the riglit side through an anterolateral incision 
between the ribs, ligating the duct above the diaphragm. I have ligated twenty-seven thoracic 
ducts in the past five years. Nine ligations were for ruptured thoracic ducts. The other 
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eighteen ligations were in unresectable carcinoma cases^ the ducts being ligated while the 
chest was open in order to evaluate the effect of its ligation. In no cases were there 
harmful effects from this. 

DR. LYMAN" A. BREWER, III, Los Angeles, Calif.—I think the essayists have pre¬ 
sented a real contribution because the location of the duct and its tributaries is sometimes 
most important. We have recently reviewed a series of 24 cases of thoracic duct lesions of 
various types. This report will be published in the American Journal of Surgery in the 
near future. In the cases studied in our series, the most common source of leakage of 
chyle from disease is not in the tliorax, but in the abdomen. Therefore the failure of treat¬ 
ment of cliylothorax by ligation of the duct or other procedure may be explained by the 
fact that the chyle is extravasated below the diaphragm and leaks up into the chest along 
the paravertebral space to seep out into the mediastinal pleura to the thorax. The chyle 
may also extravasate down the leg or up into the cervical region or even out into the arms. 
Tlierefore no exploration is complete without a search for the pathology in the abdomen or 
retroperitoneal tissues. We believe that it is important that the surgeon recognize the wde 
collateral circulation of the thoracic duct system, for this permits ligation of the thoracic 
duet in the neck and in the thorax and, in most instances, in the upper abdomen above the 
cisterna chyli. The lesions below this level, which arc primarily obstructive io nature, present 
a more complex problem. 

Wc have recently reported a case of a neurogenic tumor involving the thoracic duct 
at the cisterna chyli, In this case the subdiaphragmatie collection of chyle worked its way 
along the paravertebral space and tliiough the various diaphragmatic liiati and into the 
pleural cavity. This was discovered for tlic first time when tlie tliorax was explored to deter¬ 
mine the cause of a persistent spontaneous chylothorax. When the chyle w'as obviously com¬ 
ing up from below' the diaphragm, this structure was opened to reveal the true source of tlie 
disease. After excising the neurogenic tumor which had caused the obstiuction of the af¬ 
ferent ducts to the cisterna chyli, we found that there was a dilatation of one of the major 
ducts which, after ligation, was on the point of rupturing. It was obvious that decompres¬ 
sion of this duct was necessary, for we had merely reproduced the obstructive phenomena 
of the tumor. Therefore a side-to-side anastomosis of the thoracic duct to the hemi-azygos 
vein W’as successfullj’ completed. Tliere has been no recurrence of the chylothorax or drain¬ 
age of chyle below the diaphragm for over three years, pointing to the fact that the anasto¬ 
mosis must still be patent. Wc believe the principle of decompression of the thoracic duct, 
wliich has ruptured as the result of obstruction, is sound. It probably has application only 
in the abdominal portion of the duct and, from the clinical and experimental evidence at 
hand, most often in the afferent branches to tJic cisterna chyli. Since the abdominal lesions 
were most common in the series that we liavc studied, further application of this technique 
will be indicated. Tiie manner of identification of the branches of the tlioraeic duct pre¬ 
sented by tlio authors is of considerable importance, for it may make possible the per¬ 
formance of thoracic duct venous anastomoses in certain cases. 

DR. W. O. MILLS, Seattle, Wash.—I have enjoyed this presentation very mucli, and 
the beautiful contrast medium studies presented are certainly helpful in visualizing the 
often plexiform nature of the thoracic duct cluinnels. However, I think wo ought to re¬ 
member that our success in ligating such a complex structure may not be as high as wc 
think at the time wc see the operation. Wc should also remember that despite the quality 
of our visualization and the delicacy of our dissection, one of the things that controls 
chylothorax is obliterative pleuritis. In each of the cases presented today, whether the 
chylothorax is bilateral or unilateral, tlie benefit fiom the ojicration lies on the side that was 
operated upon. In each instance the costophrenic angle was flattened and there is evidence 
of obliterative pleuritis on the operated side. It may be that this has contributed to the 
good control of the chylothorax. As far back as 1943, I remember a right chylotliorax due 
to a gunshot wound that was treated by aspiration of the chyle and intrapleural injections 
of glucose solution. We got a very prompt and good result. I believe that often the 
obliterative pleuritis is the thing that controls the situation. 
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DR. KA.USEL (Closing). My associates and I would like to thank the discussants 
for their remarks. With regard to Dr. Maurer’s comments, I think other cases of hygromas 
or lymphangiomas of the thoracic duct have been reported; Dr, Brewer’s case certainly 
sounds like one and I think Drs. TourofI and Seley reported such an instance. We arc 
well aware of Dr. Klepscr’s work with lipophilic dyes and we concur that they arc of great 
diagnostic value. We did not discuss diagnosis in this paper. 

Dr. Brewer’s remarks about associated chylous ascites are quite true. We have seen 
such a case of chylous ascites associated with chylothorax. We did not operate on this pa¬ 
tient, the ascites and effusion being controlled by other means. With regard to Dr. Mills’s 
discussion, I believe his observations about the efficacy of the obliterative pleuritis arc 
quite true; for these reasons I think that in traumatic cases the approach should be through 
the side of the chylous effusion. At this time the che.st can be completely exacuated of 
chyle and if necessary, and not infrequently it is, the lung can be decorticated. This then 
lends itself to a good pleuritis. However, I have one resen’ation; that is, in those cases 
with apparently adequate tube drainage, where the leak persists for two or three weeks and, 
following ligation of the duct, stops, obliterative pleuritis is not the entire answer—I do 
not know the entire answer to it, and I think it is imporant. 

We would like to make one other comment, with regard to intervention in cases of 
malignancy. We do not recommend this as a routine measure and the majority of the cases 
we have seen have responded to intravenous nitrogen mustard and x-ray, or intrapleural 
nitrogen mustard, and obviously those modalities should be tried first in cases secondary to 
malignancy. 

DR. EDWARD S. WELLES, Saranac Lake, N. Y.—I have been very quiet throughout 
this entire meeting, but at this time I want to compliment those who discussed this paper. 
All the discussions have been pertinent to the subject and have dealt with the thoracic duct. 

I should like to call to the attention of the younger men particularly the fact that this is 
the type of discussion wo ought to have. So many young men look over a program and find 
a subject that has some vague connection with wliat they want to say, so they take the 
opportunity to appear on the platform with a lot of statistics and present what is really a 
paper, although it would not be accepted as such, which has merely some faint relationship 
to the subject at hand. Therefore, I want to go on record as complimenting all the men 
who discussed this paper. 


Editor’s Note 

It is to be regretted that the next paper by Dr. Cliarles B. Ripstein of New York, 
entitled "Complications of Mitral Valve Surgciy With Particular Reference to tlic Post 
Commissurotomy Sjuidrorae," was not turned in for publication. Efforts to obtain the 
paper were unsuccessful. Under the circumstances it seemed of no value to publish the inter¬ 
esting discussions of it which were given by Dr. Charles P. Bailey, Dr. Harris B. Shumacker, 
Dr. Egbert H. Fell, and Dr. E. D. Gagnon. 
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VASCULAR CHANGES IN BRONCHOPULMONARY SEQUESTRATION 
Obser\ations in Two Cises With Multipm: Accessort Systemic Arteries 

Martin Bergmann, M D , and I Jerome Pl inoe, M D 
St Louis, Mo 

T he occuirence of aberrant sjstemic arteries to the lung has been noted 
ivith inoi easing fi equeney and interest since the ad\ ent of model n thoi acie 
surgery AVhile eailiei reports’* dealt primarily uith eases encounteied in 
the anatomj' and pathology lahoiatoiics, the more recent publications ha\e 
stressed the frequency and impoitance of this sandiome in suigical diagnosis 
and tieatment Sei eral eveellent recent leviews of this subject® ” obviate the 
necessity of oiu leiteiating the existing liteiatuie at this time Instead, ive 
piopose to summarize biiefly certain aspects of the cun ent knou ledge in tins 
field and to add to it certain obseivations based on detailed personal studj of 
two eases of multiple accessory systemic arteries to the lung 

Most abeiiant vessels to the lungs originate fiom the descending aoita, 
usually just above the diapluagm or sometimes just below it While the 
occuirence of aberrant vessels with origins fiom other laige sjstemic aiteiies 
has been reported, such arteries aic moie likely to bo associated uith anomalies 
of the caidiovascular system In all the eases of accessory svstemic ai tones 
arising from the lower thoracic aorta which have been reported to date, onlj 
one aberrant arterj was found to course to any one lung Where tuo such 
vessels have heretofore been found, they entered opposite lungs Aberrant 
sjstemic arteries may supply a lung which is othervnse entirely normal, but 
the majority of such vessels have been distributed to areas of the lung, most 
commonly the lower lobes, which also showed other abnormalities In most 
cases the affected lobe or some of its segments have been the seat of multiple 
cysts or of marked cjstic bronchiectasis Preqrientlj, the dilated bronchi 
cannot be demonstrated to hav e significant communications with the remainder 
of the bronchial tree (intialobai sequestration) Accessory sjstemic vessels 
have at times been found in association with anomalies of the diaphragm 
There is general agicement that accessory systemic arteiics to the lung as well 
as the associated piilmonaij abnormalities are congenital in origin The exact 
mode of oiigin of these changes is in doubt Of the various theoiies vihich 
have been proposed to account for this sjTidrorae,® “ s lo is pijQp’g Mews have 
found wide acceptance in recent j eais 

The structure of the aheriant vessels was also studied bj Pryce ® He 
found them to be elastic arteries and m comparing them to piilmonaij' arteries 
noted that the former were thickei walled and contained more elastic tissue 

From the Diiision of Surglctl Son ices and the Dhlslon of Vledfcal Seriiccs The Jewish 
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While commenting on these quantitatwe differences between the two types of 
vessels, he apparently found no qualitative differences in their structure. He 
concluded that the aberrant vessels were indeed pulmonary in origin. Pryce 
also observed varying degrees of atheromatosis in aberrant systemic arteries 
and also called attention to Batts’s'* previous description of degenerative 
changes in such anomalous vessels. Bruwer and associates® also observed such 
degenerative phenomena and regarded them as possibly related to the patient’s 
age and to sepsis as well as to the fact that the portion of the lung supplied 
by the aberrant artery is usually nonfunetioning. These authoi’s also sub¬ 
scribed to Bryce’s view that these vessels differ only quantitatively from pul¬ 
monary arteries. In none of these studies was there any attempt to relate 
the degenerative changes hi the aberrant ve.ssels to the presence or al)senee 
of such changes in the normal pulmonary vessels. 

Clinically, accessory systemic arteries by themselves do not give rise to 
symptoms or signs. The associated pulmonaiy changes may be symptomatic 
when secondarily infected. This, as well as their discovery on survey chest 
roentgenograms, usually brings them to the surgeon’s attention. The necessity 
for awareness of the occurrence of aberrant systemic arteries, especially in the 
performance of pulmonary resections in ^rnung individuals with cystic lesions, 
was emphasized by Douglass^ and Harris and Lewis.*® Death from exsanguina- 
tion when sucli a vessel was inadvertently injured in the course of lobectomy 
has been reported.*® 

The coexistence of pulmonary abnormalities and pulmonary tumors, 
especially the so-called bronchial adenomas, has been repeatedly noted and 
emphasized by Womack and Graham.*^’ *® Until now, no tumors have been 
reported in lobes with bronchopulmonary sequestration and aberrant systemic 
arteries. 

CASE KEPOBTS 

Case 1.—(B. F., No. 53740.) Tlie patient was a 14-year-old white boy who was admitted 
to tlie Jewish Hospital of St. Louis on April 10, 1953, with the history that he was in apparent 
good health until approximately four months previously when he had "flu" which was asso¬ 
ciated with chills, fever, cough, and expectoration. Under treatment by his local physician 
his symptoms improved rapidly. About one month later, he began to have a mild cough, 
productive of approximately one teaspoonful of pinkish sputum daily. On April 3, 1953, a 
routine survey chest roentgenogram taken at school showed a lesion in the left lower lobe and 
the patient was advised to consult his physician. A tuberculin patch test had been negative 
in January, i953. During these months, the patient continued to feel well and took part in 
competitive high school sports. His past history was relevant only in that he had had mild 
astluna since early childhood. The last attack had occurred seven months prior to admission. 
Six years previously he had had pneumonia from which he made an uneventful recovery. 

Phj'sical examination on admission showed a well-developed, well-nourished 14-ycar-old 
boy who was not acutely ill. Examination of the chest revealed normal expansion. Percussion 
note was resonant. Breath sounds were wdthin normal limits and there were no rales. The 
remainder of the physical examination was similarly unrevealing. 

All laboratory studies, including urinalysis, blood counts, Kahn test, serum protein, 
blood sugar, and urea determinations were within normal limits. Sputa were negative for 
acid-fast bacilli. Tuberculin and histoplasmin skin tests were negative. Eoentgenogram of the 
chest showed a cavitary lesion in the posterior basal segment of the left lower lobe in which 
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a fluid level was seen. Bronchoscopy on April J3, 1953, showed a small amount of purulent 
material coming from the left louer lobe orifice but there v\as no tumor or other obstruc¬ 
tion. 

A tentative diagnosis of pulmonary ej'st or chronic lung abscess nas made and the 
patient was scheduled for operation and meanwhile discharged from the hospital on 
sulfadiazine, 1 Gm., four times daily. Ho was readmitted to the hospital on April 26, 
1953, with no complaints. He had been asymptomatic since his discharge. Physical 
examination and laboratory studies were again unrovealing. A new chest roentgenogram 
showed no change in the appearance of the lesion. 

On April 30, 1953, loft low’er lobectomy was performed under endotracheal ether 
anesthesia. At operation a cjstic lesion was found in the posterior basal segment of the 
left lower lobe. In palpation of the inferior pulmonary ligament, pulsating vessels were 
felt. Bj careful dissection, six arteries varying in diameter from 2 to 5 mm. were succes¬ 
sively identified and divided after ligation. Each of these vessels originated in the 
descending aorta about 3 to 4 cm, above the diaphragm and entered the left lower lobe 
below the inferior pulmonary vein through the pulmonary ligament. The remainder of 
the lobectomy was accomplished in routine fashion. 

The patient’s postoperative recovery was uneventful and he was discharged from 
the hospital on May 10, 1953. He has remained well since then. 



Fiff. I—Gross specimen. Case l. A portion of the dlecased lung has been bisected sliowing 
numerous small unilocular and larger multllocular c>sts 

Gross Pathologic Description .—The specimen consisted of the lower lobe of the left 
lung. In the lobar hilum, the artery and bronchus to the basal segments as well as the 
separately divided apical segment artery and bronchus were identified. At the medial and 
posterior aspect of the lobe below the inferior pulmonary vein, six ligated arteries could be 
seen. They varied in size from 1 to 3 mm. in diameter and were relatively thick walled. 
Over the posterior basal segment, the visceral pleura showed numerous old fibrous adhesions. 
This area of the lobe felt firm and indurated. The abnormal part of the lobe was sharply 
demarcated. Under fluoroscopy Diodrast was injected into the basal segment artery of the 
lobe. This arteiy wms seen to divide into two segmental branches whicJi supplied the anterior 
and middle basal segments. The posterior basal segment did not receive a grossly recognizable 
branch and scarcely showed opacification by the dye. Injection of anomalous arteries with 
Diodrast was then done and resulted in visualization of a branching network of vessels. The 
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posterior basal segment became opacified after this injection. Dissection of the bronchial 
tree showed two major segmental bronchi arising from the common basal segmental bronchus. 
These bronchi and the apical segmental bronchus skirted the indurated posterior basal 
segment but did not supply it except for one small branch about 2 mm. in diameter which 
entered this segment. On further sectioning of the lobe, the entire lobe with the exception 
of the posterior basal segment was found to be normal. The posterior basal segment was 
entirely replaced by one large cj’st measuring about 5 cm. in diameter' and numerous 
smaller cysts which varied in size from less than 1 mm. to 1.5 cm. in diameter. The 
previously mentioned small bronchial branch was the only recognizable communication 
between the large C 3 ^st and the remainder of the bronchial tree. The intervening pul¬ 
monary parenchj^ma was Arm, graj-ish, and speckled with small 3 'ellowish and brownish 
areas (Eig. 1). 

Microscopic Description .—Sections were taken from the uninvolved portion of the lobe, 
through the anomalous arteries and from various portions of the abnormal segment of the 
lobe and were stained with hematox 3 'lin and eosin, and Verhoeff's elastic tissue stain. 
Tn addition, micro-incinerated sections were examined with the dark field technique. Sections 
through the posterior basal segment showed the normal architecture of the lung completely 
destro 3 'ed. Instead there were innumerable small cystlike spaces as well as larger C 3 'sts. 
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Fig- 2—Photomicrograph of a section through a cystic portion of lung in Case 1 an<' 
showing numerous cystic structures variously lined by cuboidal, columnar, and ciliated 
columnar epithelium. Interstitial stroma is of loose connective tissue, and some cysts con¬ 
tain inspissated secretion. (Hematoxylin and eosin stain, X200.) 


The larger cysts were lined by tall columnar ciliated epithelium. The smaller cysts showed 
a lining which was sometimes cuboidal, ciliated, and obviously secretory, at other times 
low cuboidal and nonciliated. Many of the smallest cysts were partly lined by one t 3 'pe 
of epithelium and partly by another (Eig. 2). The lumen of the C 3 'sts contained mucoid 
material which was lightl 3 ' pink staining with hematoxylin and eosin, and mononuclear and 
multinucleated phagocytic cells. There were also a few 13 'mphocytes, but no appreciable 
number of polymorphonuclear leukocytes. Beneath the epithelium of the largest cyst there 
were scattered groups of smooth muscle fibers and small rounded pieces of cartilage. A 
few mucus glands were also present in the wall of this cyst. The intervening tissue 
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Flgr 3—Photornicroirraph of a section through a third order pulmonary nrtenal branch 
m Case 1. Note early Intimal thickening in lo^\er right hand corner. (Vcrlioeff's elastic tissue 
stain, x-iOO ) 



Fig -1—Photomicrograph of a section through a prinmrj arter> to left louer lobe in Case 1 
Note diffuse elaslosis of Intimal elastic plaque (Verhotffs clastic tissue stain, X20O ) 
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between the cj'sts consisted of connective tissue, histiocytes, and lymphocytes which fre¬ 
quently occurred as definite lymph follicles. Sections from other portions of the lobe 
showed normal lung tissue, except for the vessels. The large pulmonary arteries supplying 
uninvolved portions of the lobe showed early intimal plaque formation. These consisted 
of small subintimal accumulations of connective tissue and numerous small elastic fibers 
(Pigs. 3 and 4). The arterial wall showed the usual number of relatively short fairly thick 
elastic fibers. In the incinerated preparations, such vessels showed increased mineral 
content in the wall. There was an accentuation of mineral deposition in the intima in some 
pulmonary arteries. Smaller arteries and arterioles in the uninvolved parts of the lung 
showed no deviations from normal and the venous sj-stem was also not remarkable. In 
one section a small bronchial artery in the wall of a rather large bronchus showed mild 
diffuse intimal proliferation. 



Fig. 5.—Photomicrograph of a section through a systemic artery in Case 2. Tliis is 
cliaracteristic of artery of liybrid type. Note greater proportion of muscle than in Figs. 4 
and 8 and thicker, longer elastic fibers. (Verhoeff’s clastic tissue stain, x450.) 

Sections through the systemic arteries showed them to have a different appearance 
from pulmonarj’' arteries. These vessels were relatively much thicker walled than pul¬ 
monary arteries. Their media consisted of concentric lamellas of long undulating elastic 
fibers. In brief, these vessels had the appearance of hybrid arteries such as the visceral 
branches of the abdominal aorta (Pig. 5). They showed no evidence of intimal thickening 
or plaque formation and in incinerated preparations no increased mineral content could 
be seen (Pig. 6). In the posterior basal segment of the lobe numerous large arteries tvith 
the appearance of pulmonary arteries were found. Borne of these large vessels were 
present even at the periphery of the segment in intimate association with the largest cyst. 
In many of these large pulmonary arteries very marked intimal thickening and plaque 
formation had occurred. In the micro-incinerated sections these vessels showed a consider¬ 
ably greater mineral content than comparably sized pulmonary arteries from uninvolved 
parts of the lobe (Pig. 7)- Some of the sections showed in addition small branches of the 
aberrant vessels. These were readily identified by virtue of their different histologic 
structure and here, too, they showed no degenerative changes. Examination of the 
smaller, predominantly muscular branches of the pulmonary arteries showed changes in 
them which were as pronounced as those described in the larger arteries. There was 
extensive intimal thickening and some graying and sphtting of the internal elastic lamella. 
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Tiff. C.—Photomicrograph of a micro-liicineratcd specimen Section through a major 
aberrant nrterv, Mmernl ash is considerably Jess timn in 7. White streaks represent 
nuclei of muscle cells of media (XI50.) 



Fjg 7 —pjiotomicrograph of nifcro-lnclncralcd section throiiRii n third order pulmonary 
artery branch in Case 1 Note white mineral ash (calcium) diffusely spread through the 
media A thin line of calcium at top of specimen jepresonts endothelium, and clear area 
immediately underneath represents subendotliellal fibrous thickening. (X^50 ) 
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Oa micro-ineineration some increased mineral content of the intima was again seen. 
These changes were not isolated and scattered, but rather involved the majority of the 
smaller vessels in all sections from the affected segment. The small and larger veins of 
this segment showed a very extensive phleboselerosis. This consisted of marked intimal 
thickening and plaque formation and increased mineral content of the intima. The venous 
sj’^stem in the uninvolved lung segments was normal. 

In summary, the vascular findings consisted of isolated plaques in the large pulmonary 
arteries supplying normal segments of the lobe, and marked plaque formation and intimal 
thickening in the large pulmonary arteries in the affected segment. The smaller arteries 
in this segment almost universally showed marked intimal proliferation and the veins 
showed moderately advanced phleboselerosis. The aberrant arteries were readily dis¬ 
tinguished from the pulmonary arteries by virtue of their appearance either as that of a 
miniature aorta or a hybrid artery. They showed no degenerative changes. 

Case 2.—(E. D. L. No. 3739.) A 60-year-old white man was admitted to the Jewish 
Hospital on June 1, 1937, with the history that in September, 1936, he had noted a raw 
area on the left buccal mucosa. He was operated on elsewhere in October, 1936, for a 
carcinoma of the cheek with excision of the ulcer and “parts of bone.” Because of 
recurrence of the lesion, he returned to his local hospital for a second operation in 
December, 1936, and two weeks later, in January, 1937, the patient again noted a recurrent 
ulcer. For two to three days prior to his admission to the Jewish Hospital he had been 
unable to eat solids. He had no pain and there was no marked weight loss. He had 
chewed tobacco for many years. He had no respiratory symptoms. Physical examination 
on admission showed a man who was not acutely ill. There was a large clean ulcer in the 
left cheek with induration extending toward the nose and induration and swelling of the 
upper lip almost to the left commissure. There was a large ulcerated area on the buccal 
mucosa. The patient was able to open his mouth only with great difSculty and then only 
to a very slight degree. There were several enlarged firm, left anterior cervical nodes. 
The chest was emphysematous. Breath sounds were within normal limits. There were no 
rales. The remainder of the examination was within normal limits. On June 3, 1937, 
under general anesthesia, a radical dissection of the face and neck was carried out. On 
June 8, 1937, the patient suddenly became markedly dyspneic and died. An autopsy was 
performed. 

Gross Fathological Description of lAings .—-The pleural cavities were largely obliterated 
by dense fibrous adhesions. These were particularly tenacious in the area between the base 
of the left lung and the left hemidiaphragm. The right lower lobe showed a small area of 
consolidation but there were no abscesses or cavitations. In the left lower lobe a large 
irregular cavity lined by smooth brownish tissue was found. A series of cartilage plates were 
found in one portion of the wall of this cavity and there were also numerous pockets and 
recesses. However, no connection between the cavity and the bronchial tree could be demon¬ 
strated. In the removal of this lobe, two arteries which had the appearance of large inter¬ 
costal arteries were encountered. They originated about 5 cm. above the diaphragm from the 
thoracic aorta and entered the posteromedial aspect of the left lower lobe. Tliey communicated 
with a large artery which coursed along the posterior aspect of the cavity. 

Microscopic Description .—For this study there were available blocks of tissue from 
the right lung and blocks from various portions of the left lower lobe. There were no 
blocks through the anomalous systemic arteries. Hematoxylin and eosin stains, Verhoeff 
elastic tissue stains, and micro-incinerated slides were studied. The sections from the 
right lower lobe showed the normal pulmonarj- architecture to be well preserved. There 
were patchy and confluent areas of bronchopneumonia but no other abnormalities. Sections 
from the left lower lobe showed onl 3 ’’ scattered areas in which the normal alveolar structure 
of the lung was recognizable. The grossly observed cyst consisted of an inner lining of 
cuboidal ciliated epithelium. This was surrounded by connective tissue in which smooth 
muscle bundles occurred. Irregular cartilage plates were present in the cj-st wall and there 
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were many bronchial mucus glands. The surviving pulmonary alveoli and email bronchioles 
and bronchi in the remainder of the lobe showed infiltration with lymphocytes, polymor¬ 
phonuclear leukocytes, and macrophages. Intervening between these persisting islands of 
lung tissue was a dense connective tissue stroma in which other scattered pulmonary 
structures could be found. There were small cj'stic structures lined by cuboidal epi¬ 
thelium, irregular cartilage masses unassociated with bronchial structures, and masses of 
lymphoid and fatty tissue. In several sections from the wall of the large cyst, one could 
see masses of a tumor which was composed of small deeply staining rather regular cells 
with relatively largo nuclei. These nuclei, while relatively homogeneous, did show some 
variation in appearance. Some were pj'kiiotic and deeply staining, while others were 
rather vesicular. ATitotic figures were rare. The cells were arranged in small masses 
which had a pseudoacinar or alveolar appearance. These cell masses were separated from 
each other by delicate connective tissue septa. Tiie tumor was invasive but had not 
ulcerated or invaded the overlying epithelium of the cyst. 



Fiff. 8.—Photomicrograph of a section tlirough primary artery to loft lobe of Case 2 
Note tnlcK hyaline Intlmal plaque and dense elastosis of media beneath plaque. (Verhoeff’s 
elastic tissue stain, x 200 ) 

Stud}’ of the vasculature of the lungs resulted in the following observations. In the 
riglit lower lobe, the vessels wore not unusual. Mild to moderate degrees of arterio¬ 
sclerosis of the pulmonary arteries was present and consisted of intimal thickening and 
formation of scattered small plaques. The internal elastic membrane of many arteries was 
split or frayed. The veins were normal. In the left lower lobe, large pulmonary arteries 
occurred far out at the periphery of the lobe. They were in close association with the 
cyst. Their histologic appearance was characteristic of pulmonary arteries and they were 
the seat of a most advanced arteriosclerosis. Large subintimal connective tissue deposits 
and huge plaques of liyalinized connective tissue -neTC common (Fig. 8). In many of these 
arteries the lumen was decreased by as much as one fourth to one third. The internal 
elastic lamella was thick, split, and hyalinizcd. In micro-incinerated sections these arteries 
showed a very marked increase in mineral osh content throughout their wall. Smaller 
arteries in the left lower lobe also showed marked degenerative changes. Intimal thicken- 
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iiig and increased mineral content of the intima were again observed. At the same time 
these sections revealed an unusually intense phlebosclerosis. In some instances^ this 
almost rivaled the severity of the arterial changes. 

COMMENTS 

These 2 eases emphasize several points tvhieh have not previously been 
reported. Perhaps one of the most important to the practicing surgeon is the 
presence of multiple aberrant systemic arteries in both of these cases, six in 
Case 1 and two in Case 2. From the surgical viewpoint, this means that every 
caution must be exercised in the dissection of such lobes even after one 
aberrant artery has been found and safely divided. The occurrence of a 
bronchial adenoma of the oncocyte-carcinoid type in the wall of the cyst of 
Case 2 is of equal importance. The malignant potentialities of these tumors are 
generally recognized today. Their not infrequent coexistence with congenital 
abnormalities of the lung is not so widely appreciated, but this is one of the 
important indications for surgical intervention for apparentl}’- benign cystic 
lesions even in the alDsenee of clinical symptoms. 

From our observations it would appear that, contrary to the view ex¬ 
pressed l^y Pryce and others, the aberrant arteries are not pulmonary in type. 
Unfortunately, our second case was autopsied 15 years ago and we did not 
have sections through the arteines themselves available to us. However, in 
Case 1 these arteries differed strikingly from pulmonary arteries. The walls 
of aberrant vessels are thicker and the media contains long, plump elastic 
fibers arranged in concentric lamellas. These vessels also contain proportion¬ 
ately more muscle tissue than the pulmonary arteries. In the latter the elastic 
fibers are short and irregular, and the arteries are relatively thin walled. The 
aberrant vessels thus resemble systemic elastic or hybrid arteries. Thej^ are 
built to withstand high pressures. In Case 1, the aberrant vessels showed no 
degenerative stigmas. By comparison, the arteries and the veins in the 
affected lung segment showed advanced sclerosis and even the larger pul¬ 
monary arteries srrpplying uninvolved segments showed earl 5 ^ arteriosclerosis 
to a degree which one would not expect in so young a subject in the absence 
of pulmonary hypertension. Even in the older man in Case 2, the arteries 
and veins of the left lower lobe shoAved changes much more severe than one 
AAmuld expect solelj' on the basis of age and too such changes Avere absent in 
the vessels of the normal right lung. These changes in the pulmonary arteries 
are similar to those described by Gray and co-Avorkers^® in pulmonary hyper¬ 
tension due to mitral stenosis and other causes. Pareira and associates^’’ haA’^e 
shoAvn that eleA'ation of pressure plays an important role in the development 
of arteriosclerotic lesions. This is particularly true hi the case of pulmonary 
vessels Avhich are not constructed to Avithstand the higher systemic blood 
pressure. These facts point to the presence of a systemic-pulmonary shunt. 

As one Avould expect, the pulmonary vessels in the immediate A'icinity of 
the aberrant systemic Amssels sustain the greatest damage due to increased 
pressure. HoAVCAmr, this hypertension is apparently reflected, although to a 
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lesser degree, in all parts of the pulmonary eireulation. The advanced phlebo- 
sclcrosis is probably related to the presence of communications between the 
aberrant arteries and the pulmonary venous system. The presence of such 
communications is suggested by the injection studies of Lemmon and asso¬ 
ciates'® and also by our own study of a recent ease of bronchopulmonary 
sequestration. In this case injection of the aberrant artery with Lipiodol, a 
material which because of its viscosity would hardly be expected to fiU 
rapidly vessels of capillary size, resulted in almost immediate \-isualization of 
the pulmonary vein (Fig. 9). Taking into consideration the structure of the 
aberrant arteries, it is not surprising that they show the least evidence of de¬ 
generative change. It seems logical to assume, however, that with progressive 
pulmonary arteriosclerosis and phleboselerosis, the pressure in the aberrant 
artery would eventually increase so that it, too, would finally show arterio¬ 
sclerotic stigmas. Previous authors noted the occurrence of such changes in 
aberrant arteries, but they failed to study the degree to which the pulmonary 
vessels shared in this process. AVc believe that their cases represent the end 
result of a process of which our Case 1 presents an early stage. 



. Fig. a.—--Radiograph of a left lower lobe with bronchopulmonary sequestration after 
injection of aberrant artery with Lipiodol. Cannula is in artery. Arrow points to pulmonary 
vein. 


SUjnLUlY AND CONCLUSIONS 

Two eases of congenital cystic malformation of the lung with multiple 
aberrant systemic arteries are presented. The importance of guarding against 
injury to these vessels in the course of lobectomy has been emphasized. In 
particular, one must continue to be on the lookout for further aberrant vessels 
if one such artery has been found. In one of our cases, a bronchial adenoma 
was superimposed on the congenital abnormality, thus underscoring once more 
the need for removal of all undiagnosed lesions of the lung. 

Histologic study of the intra- and extrapulmonary portions of the aberrant 
arteries suggests strongly that they are systemic hi origin. It was found that 
the aberrant systemic arteries bring about arterioselerntie eh.nnn'oc in tlm 
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ing and increased nxineral content of the Intima rvere again observed. At the same time 
these sections revealed an unusuallj' intense phlebosclerosis. In some instances, this 
almost rivaled the severity of the arterial changes. 

COMMENTS 

These 2 cases emphasize several points which have not previously been 
reported. Perhaps one of the most important to the practicing surgeon is the 
presence of multiple aberrant systemic arteries in both of these eases, six in 
Case 1 and two in Case 2. Prom the surgical viewpoint, this means that every 
caution must be exercised hi the dissection of such lobes even after one 
aberrant artery has been found and safely divided. The oecui-rence of a 
bronchial adenoma of the oncocyte-carcinoid tj’-pe in the wall of the cyst of 
Case 2 is of equal imiiortanee. The malignant potentialities of these tumors are 
generally recognized today. Their not mfrequent coexistence with congenital 
abnormalities of the lung is not so widely appreciated, but this is one of the 
important indications for surgical intervention for apparently benign cjTstie 
lesions even in the absence of clinical s 5 ’’mptoms. 

From our observations it would appear that, contrary to the view ex¬ 
pressed by Pryce and others, the aberrant arteries are not pulmonary in type. 
Unfortunately, our second case was autopsied 15 years ago and v/e did not 
have sections through the arteries themselves available to us. However, in 
Case 1 these arteries differed strikingly from pulmonary arteries. The walls 
of aberrant vessels are thicker and the media contains long, plump elastic 
fibers arranged in concentric lamellas. These vessels also contain proportion¬ 
ately more muscle tissue than the pulmonai’y arteries. In the latter the elastic 
fibers are short and irregular, and the arteries are relatively thin walled. The 
aberrant vessels thus resemble systemic elastic or hybrid arteries. They are 
built to withstand high pressures. In Case 1, the aberrant vessels showed no 
degenerative stigmas. By comparison, the arteries and the veins in the 
affected lung segment showed advanced sclerosis and even the larger pul¬ 
monary arteries suppljdng uninvolved segments showed early arteriosclerosis 
to a degree which one would not expect in so young a subject in the absence 
of pulmonary hypertension. Even in the older man in Case 2, the arteries 
and veins of the left lower lobe showed changes much more severe than one 
would expect solely on the basis of age and too such changes Avere absent in 
the vessels of the normal right lung. These changes in the pulmonary arteries 
are similar to those described by Gray and co-workers^® in pulmonary hyper¬ 
tension due to mitral stenosis and other causes. Pareira and associates'^ liaA’^e 
shoAvn that elevation of pressure plays an important role in the dev^elopment 
of arteriosclerotic lesions. This is particularly true in the case of pulmonaiy 
vessels Avhich are not constructed to withstand the higher systemic blood 
pressure. These facts point to the presence of a systemic-pulmonary shunt. 

As one Avould expect, the pulmonary vessels in the immediate vicinity of 
the aberrant systemic vessels sustain the greatest damage due to increased 
pressure. However, this hypertension is apparently reflected, although to a 
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lesser degree, in all parts of the pulmonary circulation. The advanced pldebo- 
selerosis is pi'obahly related to the presence of communications between the 
aberrant arteries and the pulmonary venous system. The presence of such 
communications is suggested by the injection studies of Lemmon and asso¬ 
ciates*' and also by our own study of a recent case of bronchopulmonary 
sequestration. In this case injection of the aberrant artery inth Lipiodol, a 
material which because of its viscosity would hardly be expected to fill 
rapidly vessels of capillary size, resulted in almost immediate visualization of 
the pulmonary vein (Fig. 9). Taking into consideration the structure of the 
aberrant arteries, it is not surpx'ising that thej- show the least evidence of de¬ 
generative change. It seems logical to assume, however, that with progressive 
pulmonary arteriosclerosis and phlebosclerosis, the pressure in the aberrant 
artery would eventually increase so that it, too, would finally show arterio¬ 
sclerotic stigmas. Previous authors noted the occurrence of such changes in 
aberrant arteries, but they failed to studj' the degree to which the pulmonary 
vessels shared in this process. We believe that their eases represent the end 
result of a process of which our Case 1 pi-esents an early stage. 



Pig 9—^Radiograph of a left loner lobe nith bronchopulmonary sequestration after 
injection of aberrant arter> nith Lipiodol. Cannula is in artery. Arron points to pulmonarj 
\ein. 


SUSniARY AND CONCLUSIONS 

Two cases of congenital cystic malformation of the lung with multiple 
aberrant systemic arteries are presented. The importance of guarding against 
injury to these vessels in the course of lobectomy has been emphasized. In 
particular, one must continue to be on the lookout for further aberrant vessels 
if one such artery has been found. In one of our cases, a bx'onchial adenoma 
was superimposed on the congenital abnormality, thus underscoring once moi-e 
the need for removal of all undiagnosed lesions of the lung. 

Histologic study of the intra- and extrapulmonary poi-tions of the alien ant 
arteries suggests strongly that they are systemic in origin. It was found that 
the abex'rant systemic arteries bring about arteriosclerotic changes in the 
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ing and increased mineral content of the intima were again observed. At the same time 
these sections revealed an unusually intense phleboselerosis. In some instances, this 
almost rivaled the severity of the arterial changes. 

COMMENTS 

These 2 cases emphasize several points which have not previously been 
reported. Perhaps one of the most important to the practicing surgeon is th 
" presence of multiple aberrant systemic arteries in both of these eases, six 
Case 1 and two in Case 2. Prom the surgical viewpoint, this means that ev' 
caution must be exercised in the dissection of such lobes even after 
aberrant artery has been found and safely divided. The occurrence 
bronchial adenoma of the oncoeyte-earcmoid type in the wall of the c^ 

Case 2 is of equal importance. The malignant potentialities of these tum< 
generally recognized today. Their not infrequent coexistence with cor 



PLASJIA CELL GEANULOilA OP A MEDIASTINAL LYfllPH NODE 
WITH EXTENSION TO BIGHT LUNG 
M. A. Spykeb. M.D., .ind S. Kay, M.D. 

Eichjiond, Va. 

P LASMA cell neoplasms and plasma cell granulomas often cannot be separated 
by any satisfactory criteria. Botli behave in a similar manner, showing 
focal and/or diffuse infiltration with complete or incomplete obliteration of the 
normal arehiteeture. If the destruction is complete, a neoplastic process is often 
mferred, and if incomplete, it may be cither process. In general, these lesions 
have been given neoplastic significance when encountered in the lung. Analysis 
of these cases shows that they may just as reasonably be granulomatous. None 
of the patients in the reported eases has died due to metastases.*' * Some 
of the extramedullary plasma cell tumors in other sites caused the death of the 
patient." Multiple myeloma may metastasize to soft tissue.*' ® The following 
case is an example of a mediastinal Ijmph node infiltrated by plasma cells with 
extension into the adjacent pulmonary parenchyma. 

CASE REPOKT 

Mrs. D. M. G., a 37*ycar*old white married woman, was admitted to the Sheltering 
Arms Hospital in Richmond, Va., in February, 1954. Her chief complaint concerned a 
density in her chest that was discovered in a routine roentgenogram, in 1942, and which 
was diagnosed as a tuberculous lesion. The examination had been prompted by an 
increasingly severe low back pain, which had been present for several years. The patient 
was then sent to Blue Ridge Sanitarium, from where, after six weeks of diagnostic study in 
which tests were negative for tuberculosis, she was discharged to her home. She had had 
repeated roentgen examinations at six-month intervals since her discharge in 1942, up to 
the present admission. She had never had sjraptoms referable to the lesion, other than 
backache. She was told in the ensuing years that the lesion as seen on the original film 
had not changed materially. The review of sjTnptoms was essentially negative. A history 
of operations revealed that she had had a thyroidectomy in October, 1943, for thyrotoxicosis. 
The family and occupational history were noncontributory. 

The physical examination revealed a well-developed, w’ell-nourished woman in no 
apparent acute distress. She weighed 118 pounds. On admission, her temperature was 
99.8'* F., blood pressure 160/oS, pulse 84, and respirations 24. The eye, ear, nose, and 
throat examinations were essentially negative. The anterior neck region contained an old, 
well-healed, crescent-shaped scar. The thyroid was not felt and the trachea was in the 
midline. The lungs expanded well and equally and were clear to percussion and 
auscultation. Ko rales or wheezes were heard. The heart sounds were of good quality, 
without murmurs or thrills and with a regular rate. The abdomen was flat, soft, and non- 
tender. No masses were felt. The pelvic and rectal examinations were negative. The 
urine was normal except for a trace of albumin. The blood count was essentially within 
normal limits. One determination of plasma proteins showed albumin 4.4 Gm. and 
globulin 2.6 Gm. The Kline test was negative. 

From the Department of Surgrical Pathology, Medical College of Virginia, Richmond. Va. 
Recelved for publication March 7, 1955. 
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Eoentgonogi'anis of the cliest revealed a 
in multiple densities of the entire right lung 
On comparing the 1942 lilms with subsequent 
that seen on the original examination. 


density in the right hilus witli an increase 
field. The left lung field was not involved, 
films, no prominent change was noted from 


The bronchoscopy before surgery revealed a normal larynx, moderate blunting and 
widening of the carina, and no visible tumor or stenosis. 


An exploratory thoracotomy was performed on the sixth hospital day. The right 
lung was removed along with a mediastinal tumor that involved almost all of the upper 
and middle lobes and a portion of the lower lobe. The postoperative course was uneventful 
and the patient was discharged on the twenty-third hospital day. 


PATHOLOGIC FINDINGS 

Gross Examination .—The specimen consisted of the entire right lung measuring 17 by 
13 by 3 cm. The organ was about normal in size, sliape, and weight. The pleura was 
generally granular and fibrous, except for the part over the lower lolie. In the upper half 
of the hilar region tiiere was a crescent-shaped hollowed-out area surrounded by compressed 
lung tissue. This defect liad been originally filled with tumor. Tliere were many pieces of 
tissue received separately to make a mediastinal tumor mass measuring 4 cm. in size altogether. 
It was friable, white, solid tissue. There was a slightly thickened rim of fibrous tissue around 
the defect in the lung. The lung parenchyma showed thickened nodular areas throughout. 
These were fibrous and crepitation was minimal. The bronchi were patent and apparently 
normal except for slight thickening of the walls adjacent to the tumor. The pulmonary 
arteries and veins were grossly normal. The bronchial lymph nodes were enlarged, firm, and 
black. Several 0.3 mm. subpleural black, firm nodules were present. 

Microscopic Examination .—Section of the mediastinal mass showed a lymph node largely 
replaced by plasma cells (Figs. 1 and 2). These cells varied slightly in size and shape. 
The nucleus was large and hyperchromatic in a few cells. Bussell bodies were prominently 
seen throughout (Fig. 2). The medium-sized and small blood vessels shorved a varying 
amount of intimal fibrosis wdth encroachment upon the lumen causing almost complete 
obliteration (Fig. 3). The pulmonary tissue was replaced by focal and diffuse plasma cell 
infiltration and associated with hjmlinization of fibrous tissue. Sometimes eosinophilic 
hyaline bodies were found replacing normal pulmonaiy parenchyma (Figs. 4 and 5). These 
hyaline bodies consisted of broad eosinophilic bands. The bronchial mucosa and submucosa 
were infiltrated bj' plasma cells, but the cartilage w-as not invaded b}' the cellular in¬ 
filtrate (Fig. 6). 

Pathologic Diagnosis. —Plasma cell granuloma of a mediastinal lymph node with 
extension to right lung. 

DISCUSSION 

The published cases concerning these plasma ceU lesions are presented in 
Table I. The pathology was usually found on roentgen examination of the 
chest. Tuberculosis was eliminated by laboratory examination of the sputum. 
The usual laboratory tests were used to exclude multiple myeloma, and all 
were negative. Kuley and Kuntman* found 4 per cent plasma cells in the 
bone marrow, but attached no significance to this finding. Russell bodies 
were found in slightly less than one-half of the eases. In general, the clinical 
course of these cases had not progressed in accordance with recurrent or 
metastasizing neoplasms. We feel that, due to the long duration of the illness 
in our case, a granulomatous process is favored over the neoplastic. It may be 
that at some future date, this patient will show evidence of multiple myeloma. 
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FIff 2 


Flff 1—'Mefllistinnl Ijmph node low poner 

Pig" 2—Mediastinal l>jnph node, high pouer Most cells are plasma cells and 
bodj is in center of the field 


Hussell 
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Fie. 3. 



Fig. 4. 

pjg 3 ^Liung, low power. Sclerosis of a large vessel due to marked intimal thickening. 

Pig 4 . Lung, low power. Granuloma associated with hyaline bodies. 
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Fjr. 5. 



Flfc'. C. 


Fiff. 5—Lune, liigh power. Se\erc hyalinlzatlon of pnrencJijnia. 

Fie. 6.—Lune. hlph power. Diffuse slicets of plasma cells in wall of hronrhus. mh.. 
cartilage is not in\nded. 
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Table I. Review op Cases in the Literature 


AUTHOR 


Addiei 


Penido2 

Gordon, and 
Walkers 


Hill, and 

Whites 

Kuley, and 
Kuntnian" 


Spyker, and 
Kay 


AGE 

SEX 1 

ROENTGENOGRAM j 

PATHOLOGIC 

FINDINGS 

AUTHOR’S 

DIAGNOSIS 

37 

M 

Mass in left upper 
posterior medias¬ 
tinum 

6.0 cm. mass made 
up of plasma cells 

Plasma cell tumor 
of pleura 

21 

M 

Mass in right 
middle lobe of 
lung 

4 cm. mass contain¬ 
ing plasma cells 
and Russell bodies 

Plasma cell tumor 
of lung 

57 

F 

Mass in left upper 
lobe of lung 

5 cm. mass infil¬ 
trated witli plasma 
cells 

Fibrosing plasma- 
cytic granuloma 
of lung 

30 

F 

5 cm. mass in left 
upper inner lung 
field 

5 cm. mass com¬ 
posed of plasma 
cells with Russell 
bodies 

Plasmacjdoma of 
lung, site of 
origin not de¬ 
termined 

3 

F 

Mass filling left 
chest 

8 cm. mass com¬ 
posed of plasma 
cells 

Plasmacytoma of 
lung 

30 

. P Mass in right Iiilus 

Aspirate of mass 
contained 70 per 
cent plasma cells 

Plasmacj-toma of 
lung, site of 
origin not de¬ 
termined 

37 

F Mass in right hilus 
with increased 
pulmonarj- mark¬ 
ings 

4 cm. mass contain¬ 
ing plasma cells 
and Russell Iiodics 
irith extension to 
lung 

Plasma cell granu¬ 
loma of medias¬ 
tinum with ex¬ 
tension to lung 


There has been no roentgen or laboratory evidence of myeloma at the time of 
this writing. The presence of Russell bodies seems to support the contention 
that this is an instance of granuloma. We believe that the other six eases re¬ 
ported in the literature were apparently similar lesions and we agree ^vith 
Dr. Fred Stewart^'^ that most of these cases can be classified as granulomas. 

SUAIMARY 

A ease of plasma cell granuloma of the mediastinum and adjacent pulmonary 
tissue is reported. The lesion was present at least twelve years prior to its 
removal. 

We desire to acknowledge Dr. W. A. Johns’ permission to report his case from the 
Department of Surgery, Sheltering Arms Hospital, Kichmond, Va. 
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AEOHITBCTURAL RECONSTRUCTION OR THE LUNG AFTER 
PARTIAL RESECTION OP PULaiONARY PARENCHYIMA 

E. PoKSTER, M.D., E. Roegel, ai.D., M. Assouad, JI.D., and E. AVolp, M.D. 
Strasbourg, France 

C OaiPLETE re-expansion of tlie residual pulmonary parenchyma after partial 
resection is an essential condition for quick cicatrization, good functional 
recovery, and healing mthout the complication of empyema or bronchopleural 
fistula. Re-expansion depends on mechameal and anatomical factors. 

An essential mechanical factor is the maintenance of patent bronchi which 
permits'the air to roach the terminal bronchioles to'ensure the ventilation of 
the alveoli so that maxinuim-rc-expansion of the lung may occur. To maintain 
re-expansion, pleural fluid must be aspirated by constant active suction. 

The quality of the pulmonary parenchyma is an anatomical factor which 
facilitates or hinders the re-expansion. Normal pulmonary tissue is elastic 
and able to be distended by intrd-alvcolar pressure. As a result, it will usually 
replace the loss of substance caused by the operation. Yet, pathological types 
of parenohjuna are frequent. The emphysematous lung, although relatively 
inelastic, may be distended to fill some of the remaining intrathoracie space. 
The fibrous lung, however, fixed by its rigid framework, has lost its elasticity, 
making hyperexpansion impossible. Finally the atonic lung, its texture being a 
mixture of fibrosis and emphysematous lesions, has no tondeney to dilatation 
and will not occupy a space greater than it originally did. These varieties of 
lungs have, in other words, no tendency to play the spatial role described by 
Churchill, as essential in the refilling of the hemithorax after partial resection. 

The analysis of the mechanism by which pulmonary tissue re-expands is 
based upon facts of current observation. First, the study of spontaneous heal¬ 
ing of segmental lesions in tuberculosis shows that cicatrization is obtained by 
retraction. The diseased segment retracts, pulling and expanding the suiround- 
ing healthy parenchyma. The latter opens like a fan around its bronchial tree, 
while the diseased segment closes. This is the so-called Chamberlain’s seg¬ 
mental clock. Furthermore, by observing the behavior of the hemithorax in 
children after partial resection, one is amazed at the facility with which the 
soft and resilient remaining parenchyma fills the thorax. Finally, the com¬ 
parison between the postoperative courses of upper and lower lobectomies 
demonstrates the fact that the filling of the dead space poses no problem in the 
latter, whereas, in the former, difficulties are very often encountered. 

Thus, one comes to the conclusion that three different factors pla 3 ' roles in 
the refilling of the dead space after partial resection: 

1. Hj’perexpansion of the residual parenehj-ma, possible because of the 
elastieit'' of the tissues. 
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Fig. 1.—Types of resections -where difficulties in refilling are encountered: 

A, Resection of the superior segment of the lo-wer lobe. 

B, Resection of a large apical and posterior segment. 

O, Resection of several segments. 




Pig-, 2, —Fixation of the intersegrmental resection plane of the anterior segment to the 
superior segment of the lower lobe (resection of the apical and posterior segments), treeing 
of the fissures. 
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2 Elevation of tlie diapliiagin, winch depending on its mtegiitj, dirainislies 
the V oliime of the hemithoiax 

3 Displacement of the mediastinum whose inobilitv and whose abilitj to 
shift eontnbiite also to the filling of the residual space 

Obscivation also shows that (1) it is easier foi the oiganism to obliteiate 
a dead space by shift of a mobile organ diaphiagni oi mediastinum, than by 
hj perexpansion of the parenehvma exceiit when the piilmonarj tissue is healthy 
and elastic, which is raie in the adult and ( 2 ) when at the end of the oper 
ation, theie lemains a rigid parenclijana from which a pjnamid shaped portion 
has been removed the icfilling remains a difhciilt problem This is partioiilaily 
tiue in isolated resection of the supeiior segment of the lower lobe and apical 
posteiior segment of the uppei lobe To avoid these instances, manj thoracic 
surgeons perform thoraeoplastv or plombagc either in one opeiative pioeeduie 
with the resection or, when a lesidual pleural pocket is evident, as a delaved 
postresection thoracoplasty Yet one must considci that this method compli 
cates the operation, the postoperative course and causes skeletal deformities 

These different facts led us to develop a method of aichitectnial leeon 
stiiiotion of the lung which permits satistactory re e\pansion of the lung at 
the end of the operation and avoids the posticsection thoiacoplast} 

\Vo started suturing edge to edge the raw inteisegmental siufaces and 
then progiessivelj claboiated a technique tlie basic principle of which is to bring 
the residual parencliv-ma in contact wnth the iigid parts of the thoracic cavitj 
the ape\ of the hemithora\ and costal wall Thus, the lung might be well 
separated from mediastinum and diaphiagm These mobile stiuctuies aie able 
to shift and fill the residual space 

Piom this basic piinciple two nceessarv objectives have been derived 

1 The reconstruction of a pulmonarj pyiamid propel to be reintegrated 
into the bony dome of the hemithorax We had observed that after certain 
partial resections of the upper lobe, after left upper lobectomv and after right 
npper and middle lobectomy, important pleural pockets remained in the apex 
Even good paienchymal expansion could not obliterate them Therefore, it 
seemed to us indispensable to reconstruct a pulmonary apex adaptable to the 
dome of the hemithorax 

2 The achievement of a close contact between the piilmonaij parenchjma 
and the bony structures of the thorax, costal wall, and vertebral gutter was a 
logical deduction from the previously mentioned facts and to us an impeiative 
condition for the success of the opeiation It should assiiie complete re ex¬ 
pansion and a proportional recuperation 

To apply these two theoretical principles, we use ceitain technical pio 
eedures which will now be described 

1 The lung is completelj freed from its parietal fixation (unless there 
remains only a small retracted lower lobe) and, if necessai'j, its decortication 
Thus, the re expansion will be well equilibrated, and will involve all segments 
which will decrease tension on the areas adjoining the operative zone 
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Fisr. 3.—Rotation of a lobe. 

A, After upper lobectomy the fissure between the middle and lower lobes Is opened. 

B, The posterior rim of tile middle lobe Is brought in contact with the apex ot the 
superior segment of the lower lobe. 

C and D, By rotation around Its hilar axis the lower lobe is placed so that the posterior 
surface becomes lateral. 



Vie 4—Once turned around its axis the lower lobe is pushed upward so that it wail 
fill the ape'rsf the Tmithorax. It is maintained in this new position by a few fixation 
stitches to the chest wall. 
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2. The opening or the completion of the interlobar fissures has the same 
objective as the freeing of the lung, an equal distribution of the tension each 
lobe has to support. It will allow the bronchial tree to open and to distribute 
to each of its elements the corrective role of refilling the dead space. 

3. The rotation of a segment or a lobe around its bronchial axis brings it 
in the required new position. This rotation must be done smoothly, avoiding, 
naturall.v, anj' kinking of blood vessels, allowing the vascular s.vstera to preserve 
its functional integrity. Surprising as it may seem, this rotation is in reality 
only a slight exaggeration of what nature does in its slow and spontaneous 
process of retraction when a lobe becomes atelectatic or carnified, the adjoining 
parenchjTna replacing the loss of substance. It is also the process which oeoui-s 
spontaneously to compensate for loss of pulmonaiy tissue after partial resection. 
We have verified this by bronchography in two collateral series of cases 



Fig 5 FIs. c. 

r'ig. 5 —Bronchoaram after right upper lobectomy. 

, ^tg. C—After rotation and upuard displacement, the middle lobe, hence, constitutes 
tlie apex of the lung. The bronchial tree has unfolded. 

4. The fixation of the rotated lobe or segment in this new position is a 
complementaiy procedure to maintain the acquired position. This is done by 
a series of stitches fixing the raw interscgmcntal or interlobar surfaces together. 
The stability obtained by tliis architectural reconstruction shifts the hyper- 
e.xpansion away from the operative area. 

If necessary, we conclude the endothoracie procedure by securing the 
lung to the chest wall with a few stitches. A close contact will be assured 
between lung and chest wall even if a dead space has to be left near the 
mediastinum or diaphragm. We mentioned before that it seemed very important 
to us to fill the apex of the thoracic cavity with parenchyma and this is easily 
possible if the lung, remodeled in the form of a cone, is pulled upward. This 
procedure is indispensable in the resection of part of or the whole upper lobe 
and a suspension by suturing is always necessary here. 
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5. All of these manipiilations must be done with the lung well inflated. 
Only the pressure given by the anesthetist’s balloon, transmitted to the alveoli, 
allows one to judge how to place lobes and segments and assign them~the 
optimum definitive place. 

This theoretical discussion, abstracting the diflerePl technical points, can 
be applied to almost all cases. Yet it seems useful to develop with more detail 
certain particular instances. 

There follow three examples: 

1. After right upper lobectomy or resection of the apical-posterior and 
anterior segments in the left, the lower, and middle lobes or the lingula, there 
is difficulty with expansion to fill the dead space in the adult. To re-create 
an apex, we open completely the fissure between the lower and middle lobes. 
The middle lobe or lingula is then drawn backward and upward until its 
posterior angle reaches the top of the superior segment of the lower lobe. This 
requires rotation around its hilar axis. The middle lobe is fixed with a few 
stitches to the lower lobe in this new position and will henceforth constitute the 
pulmonary apex. 

2. After resection of the apical and posterior segments, or the apical- 
posterior segment, we often free the great fissure between the right lower and 
middle lobes or left lower and upper lobes. We then slide the remaining 
parenchyma of the upper lobe backumrd until the raw resection plane comes 
in contact mth the posterior edge of the lower lobe. As after upper lobectomy, 
a few stitches secure the lobes in their new position. 

3. After right upper and middle lobectomy, or total left upper lobectomy, 
we section the triangular ligament which fixes the lower lobe and turn the 
latter around its hilar axis so that its posterior surface becomes lateral. The 
lobe is then pushed upward and is fixed to the thoracic wall. It fills the dome 
of the hemithorax. This suspension leaves the lower lobe distant from the 
diaphragm and mediastinum especially when it is a small-sized lobe. 

The results we have obtained with this method have always been good 
even in cases of fibrotic lungs. It is evident that this technique does not 
change the usual postoperative care that is required. An atelectasis might 
well tear the lung loose from its fixations. The postoperative surveillance 
must be as constant as in routine procedures and any bronchial obstruction or 
air accumulation in the hemithorax avoided or corrected immediately. We 
have operated thus on 136 patients during the last twenty months; 14 resec¬ 
tions of a single segment, 58 resections of two or more segments, and 64 
lobectomies for tuberculosis, bronchiectasis, residual abscesses, cysts, etc. 

We have observed residual pockets folloAving atelectasis in seven instances. 
Among these we noted four eases of localized empyema, three of which were 
easily cured, the fourth required further surgery. The three remaining cases, 
complicated with atelectasis, produced only simple air pockets. If it is 
difficult ® hold our method responsible for these complications, one can 
nevertb We that it did not prevent them. 
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Bronchograms with Lipiodol were made in 30 of our patients between the 
twelfth and twenty-first postoperative days to visualize the changes of the 
bronchial system after the structural modifications to which it had been sub¬ 
jected. These radiologic checkups never revealed any bronchial kinking. Some 
showed incurvations similar to those observed after spontaneous retraction 



FIga 7. and 8.—^After left lower lobectomy, the upper lobe has rotated slightly The 
lingula occupies now the lateral part of the hemlthorat. Note the Incurvation of several 
small bronchi 



I 

1 


Figs 9, and 10—After resection of the anterior segment the epical segment has been fixed 
to the middle lobe by a few stitches The middle lobe bronchus Is slightly curxed 


in tuberculosis; others were in all points comparable to the broncliograms studied 
by J. Antrim Crellin, J. Stauffer Lehman, Daniel Siason, and J. L. Curr}' 
after partial lung resection. We observed mostly, on broncliograms made after 
lobectomy, a harmonious fanning out of tlie broneliial tree into its new area. 

One might question theoretically, whether the artificial reconstruction of 
tlie parenchyma is justified and whether one is justified in modifying a 
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5. All of these manipulations must be done with the lung well inflated 
Only the pressure given by the anesthetist’s balloon, transmitted to the alveoli, 
allows one to judge how to place lobes and segments and assign them-the 
optimum definitive place. 

This theoretical discussion, abstracting the differerit technical points, can 
be applied to almost all eases. Yet it seems useful to develop with more detail 
certain particular instances. 

There follow three examples; 


1. After right upper lobectomy or resection of the apical-posterior and 
anterior segments in tlie left, the lower, and middle lobes or the lingula, there 
is difficulty with expansion to fill the dead space in the adult. To re-create 
an apex, we open completely the fissure between the lower and middle lobes. 
The middle lobe or lingula is then drawn backward and upward until its 
posterior angle reaches the top of the superior segment of the lower lobe. This 
requires rotation around its hilar axis. Tlie middle lobe is fixed with a few 
stitches to the lower lobe in this new position and ndll henceforth constitute the 
pulmonary apex. 

2. After resection of the apical and posterior segments, or the apical- 
posterior segment, we often free the gi-eat fissure between the right lower and 
middle lobes or left lower and upper lobes. We then slide the remaining 
parenchyma of the upper lobe backward until the I'aw resection plane comes 
in contact udth the posterior edge of tlie lower lobe. As after upper lobectomy, 
a few stitches secure the lobes in their new position. 

3. After right upper and middle lobectomy, or total left upper lobectomy, 
we section the triangular ligament which fixes the lower lobe and turn the 
latter around its hilar axis so that its posterior surface becomes lateral. The 
lobe is then pushed upward and is fixed to the thoracic wall. It fills the dome 
of the hemithorax. This suspension leaves the lower lobe distant from the 
diaphragm and mediastinum especially when it is a small-sized lobe. 

The results we have obtained with this method have always been good 
even in eases of fibrotic lungs. It is evident that this technique does not 
change the usual postoperative care that is required. An atelectasis might 
well tear the lung loose from its fixations. The postoperative surveillance 
must be as constant as in routine procedures and any bronchial obstruction or 
air accumulation in the hemithorax avoided or corrected immediately. We 
have operated thus on 136 patients during the last twenty months; 14 resec¬ 
tions of a single segment, 58 resections of two or more segments, and 64 
lobectomies for tuberculosis, bronchiectasis, residual abscesses, cysts, etc. 

We have observed residual pockets folloudng atelectasis in seven instances. 
Among these we noted four cases of localized empyema, three of which were 
easily cured, the fourth required further surgery. The three remaining eases, 
complicated with atelectasis, produced only simple air pockets. It it is 
difficult to hold our method responsible for these complications, one can 
nevertheless argue that it did not prevent them. 
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Broncliograms with Lipiodol were made in 30 of onr patients lietween the 
twelftli and twenty-first postoperative days to visualize the changes of the 
bronchial system after the structural modifications to which it had been sub¬ 
jected. These radiologic checkups never revealed any bronchial kinking. Some 
showed incurvations similar to those observed after spontaneous retraction 



Figs. 7. and 8.—^After left lower lobectomy, the upper lobe has rotated slightly. The 
lingula occupies now the lateral part of the herolthorax. Note the lncur\'ation of several 
small bronchi. 



Figs. 9. ana 10.—After resection of the anterior segment the apical segment has been Bxed 
to the middle lobe by a few stitches. The middle lobe bronchus Is slightly curved. 


in tuberculosis; others were in all points comparable to the broncliograms studied 
by J. Antrim Crellin, J. Staulfcr Lehman, Daniel Mason, and J. L. Curry 
after partial lung resection. AVe observed mostly, on bronehograiiis made after 
lobectomy, a harmonious fanning out of the bronchial tree into its new area. 

One might question theoretically, whether the artificial reconstruction of 
the parenclijuna is justified and whether one is justified in modifjdng a 
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natural arcliitectiire, to impose new forms and positions to segments or lobes 
uithont risk of functional incapacitation. One can object that tlie fixation of 
the segments to one another, tlie fixation of the lung to the skeleton, in order 
to provide enlargement miglit interfere with the physiologic role of the lung 
and disturb the respiratory function. Up to the present, we have not made 
any detailed functional evaluations which might justify our technique, but 




Fitrs. 11. and 12.—Resection of the apico-posteiior and anterior segments The lingrula is 

non in the ape\. 




Fig. 


13.—^Resection of the apical 
between upper 


and posterior segments of the right upper lobe 
middle and inferior lobe has been opened 


The fissure 


the excellent clmical results obtained, the normal postoperative films, and the 
radioscopie study which reveals normal aeration, have encouraged us to 
continue with our method. The fixation of the lung to the thoracic ivall seems 
therefore not to be a serious handicap. The parietal adhesion of the lung is an 
inevitable consequence of every thoracotomy. The free sliding motion of the 
luno- within the thorax, normal movement of any free parenchyma, disappears 
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after all endothoraeic operations and we do not think that tho fixation to the 
chest wall with a few stitches changes anj-thing. As to the change in the 
positions of segments or lobes, the slight incurvations of bronchi still allow 
perfect air circulation and the fact that they exist cannot be considered the 
consequence of the method alone. 

The air leaks which one might expect to increase, because of the fixation 
stitches which damage the lung, have never been more significant than after 
routine procedures. They always stay within normal limits. The pleural 
pockets left near the diaphragm or mediastinum have always been obliterated 
in forty-eight hours by the molding of these mobile organs to the re-expanded 
residual parenchyma. 

It is evident that this technique can be applied only when the remaining 
parenchyma is sufficient to refill the hemithorax. It is of no help if the 
residual lung is too small or insufficient. Two residual segments cannot refill 
a hemithorax in an adult. 

Nevertheless, in many eases, the method has allowed us to refill a thoracic 
cavity perfectl}’; this could otherwise not have been achieved. We think that 
the architectural reconstruction of the lung is of great practical help and is 
theoretically justified. 

SUMMARY 

1. The re-expansion of the lung after partial resection is essential for the 
success of the operation. 

2. To avoid postoperative complications and assure functional recupera¬ 
tion, this re-expansion must be complete. This depends on mechanical and 
anatomical factors. 

Three mechanisms play roles in the refilling of the hemithorax: hyper- 
expansion of the remaining parenchyma, elevation of the diaphragm, and shift 
of the mediastinum. 

4. Observation shows that there is no difficulty if after the operation the 
remaining lung is in contact with the rigid elements of the thoracic cavity 
(ribs and vertebral gutter) and distant from the mobile structures (diaphragm 
and mediastinum). 

5. To ensure the refilling of the hemithorax, the basic principle of our 
technique is to bring the lung in close contact with these bony structures, 
leaving it distant from the mediastinum and diaphragm. 

6. This technique requires a few procedures which allow an architectural 
reconstruction of the pulmonary parenchyma to a cone-shaped entity: com¬ 
plete freeing of the lung, freeing of the fissures, rotation of a segment or a 
lobe, fixation by stitches of segments and lobes one to another and, if necessarj’, 
fixation of the lung to the chest wall. 

7. This method was used in 136 patients in lobectomies and segmental 
resections for various indications. 

8. Postoperative bronchograms never showed bronchial kinking but only 
wide incurvations. 

9. There seem to be no theoretical objections to this method. 



EOSINOPHILIC GRANULOMA OP THE LUNG 

]\Llton Virshup, M.D.,* New York, N. Y., and Alfred Goldman, M.D.,*' 

Duarte, Calif. 

INTRODUCTION 

E osinophilic granuloma is a rare disease of unknown etiology wliicli 
affects a multiplicity of tissues. While usually generalized, solitary involve¬ 
ment of bone,®-' of skin,®^ of the gastrointestinal traet,^^, so, loo occasion¬ 
ally of other tissues®® has been recognized. It has only recently been appreciated, 
however, that solitary involvement of the lung may also occur, and only two 
such reports can be found in the literature.®®' It seems, therefore, appropriate 
to report a case recently encountered by us of eosinophilic granuloma of the 
lung without other demonstrable systemic disease. 


CASE REPORT 


D. B. W. (X12011), a 15-year-oId white boy, was admitted to the Diseases of the Chest 
Hospital of the City of Hope Medical Center on May 12, 1953, because of the findings by a 
Mobile Unit chest x-ray survey in December, 1952, of extensive infiltration throughout both 
lung fields (Fig, 1). He was completely asymptomatic, without cough, expectoration, or 
hemoptysis. There was no fever, night sweats, loss of weight, weakness, fatigue, or 
dyspnea, and no frequency of urination, bone or joint pains, or skin lesions. He was 
admitted with a presumptive diagnosis of bilateral advanced pulmonary tuberculosis. 

Past history included measles, and an unexplained episode of fever associated with 
left hip pain at the age of five, which lasted intermittently for one year. 

Physical examination revealed a well-nourished, well-developed white boy, 15 years of 
age who appeared to be in excellent health. The temperature was 98.6°; pulse, 84; respiration, 
22; blood pressure 120/76; height, 5 feet 9i/^ inches; the weight was 156 pounds. The skin 
was clear and there was no cyanosis. The eyes showed no exophthalmos. The oral mucosa, 
tonsils, and pharynx were clear. There was no cervical, axillary, or inguinal lymphadenopathy. 
The chest was symmetrical and expansile. The lung fields were resonant. Slight generalized 
accentuation of breath sounds was noted. No rales were present. The heart was normal. 
The liver and spleen were not enlarged, Eeetal examination revealed no abnormalities. No 
skeletal tenderness or deformity was observed, and neurological examination was normal. 

Laboratory Findings.—Blood count: The red blood count was 4,600,000; hemoglobin, 
14 Gm.; white blood count was 9,800; segmented polymorphonuclear leukocytes 69, lymphocytes 
21, monocytes 4, eosinophils 6. Urinalysis: specific gravity 1.026; albumin negative; glucose 
negative; acetone negative; microscopic examination revealed a few hyaline casts. Bone 
marroio examination: No abnormalities. Sedimentation rate: 19 mm. per hour. Blood 
chemistries: Fasting blood sugar 90 mg. per cent; nonprotein nitrogen 30 mg. per cent; 
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total protein 7.4 Gm.j albumin 4.8 Qm.; globulin 2.6 Gm.j calcium 11 mg. per cent; phos¬ 
phorus 3.7 mg, per cent; cholesterol 140 mg. per cent; cholesterol eaters 70 per cent; amylase 
32 units; brorasulfonphthalein (5 mg.Ag*) 8 per cent dye retention after 45 min.; thymol 
turbidity 3.5 units; alkaline phosphatase 5.9 units (Bodnnsky); icteric index 6 units; 
quantitative van den Bergh test less than 0.25 mg. Thom test: 75 per cent drop in circulating 
eosinophils. Bacteriology: there ‘was no sputum raised; nine gastric examinations were 
negative on culture for acid-fast bacilli. Culture and smear of pulmonary biopsy specimen 
(including special procedures for fungi) revealed no organisms. A Mazzini test was negative. 
Cocctdioides serology: complement Axntion 2 plus in 1:2 dilution, precipitin test was 
negative, findings were considered equivocal. Skin tests: the Mantoux test was 4 plus in 
1:10,000 dilution; coccidioidiu test was negative in 1:1,000 dilution* histoplasmin was 
negative. Stool examination: negative for fat, undigested muscle fiber, and starch granule'!. 
Electrocardiogram: normal. Vital capacity: 3,700 c.c.; 72 per cent of normal. Breath 
holding time: 72 seconds. 



Fig. 1.—X-ray of ciiest shortly after disco\ery of the disease. Note diffuse soft nodular 
infiltration and suggestion of fibrocystic changes 

Fig 2-X-ray of chest prior to operation, shovslng some progression of the Infiltrative 
process 

Clinical Course. —Despite modified bed rest at home for two months, tlio admission 
film showed an apparent progression of the pathology throughout both lung fields (Fig. 2). 
There were hea\y root shadows and scattered mottling by soft nodular densities and areas 
suggestive of multiple small cystic areas or cavities from the apex to the base bilaterally. 
The patient n’as placed on strict bed rest and an antibiotic regimen consisting of streptomycin 
1 Qm. tivice w’eekly and para-aminosalicylic acid (PAS), 12 Gm., and isonicotinic acid 
hydrazide (INH), 150 mg., daily. Repeated examinations of gastric contents were negative 
for acid-fast bacilli, and the patient remained completely afebrile and asymptomatic. 
Bronchoscopy was performed and revealed diffuse erythema of the mucosa, but was otherwdse 
normal. Scalene fat pad and lymph node biopsies were performed and showed no evidence 
of nodular or granulomatous lesions. 

In view of the failure to recover the tubercle organism, it was felt that exploratory 
thoracotomy and lung biopsy were indicated to establish a definite histologic diagnosis, and 
this was performed on Oct. 2, 1953. At operation through a right anterolateral approach 
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tiMugh ft« fount mtenpaee, tl.o pleural cavil, was fouad to to fao of adhciOM or Md 
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0 pper lobe, and a second similar specimen was removed from the middle lobe 
ii'ostoperative convalescence was completely uneventful. 


'A 

aviH'? Ik 9 4ir . 


;:9- 


■f/f; • 






-1 ' '‘V 

* >-♦■1 


■'■•;' .%■ .i' 


J-rh -X . 4^v 




I _ '.t, '-" 


?v4t 


’'4 


r¥ 


♦ 

V*’ . 

.4 *• 


# . 

1 

f: ^ 


4?, 


'a* 

i 


V. 






t 




'*■»’ "5 

t.-i# 

Ai. 


# 'n 


Fig. 3.—^Photomicrograph of biopsy specimen, high power, showing histiocytic infiltration, 
profusion of eosinophiles, xanthomatous degeneration of histiocytes, phagocytosis of pigment 
granules by histiocytes, and fibroblastic proliferation. 


Pathology Report. — Gross: The first biopsy specimen was a small wedge of peripheral 
lung parenchyma ■which included a dilated bronchial branch which led into an empty thin- 
walled multicystic area, and was lined by a glistening grayish-white surface a little thicker 
than the normal visceral pleura, with loculations up to 0.6 cm. in diameter. The second 
biopsy specimen was a small wedge of crepitant pink peripheral lung parenchyma containing 
several thin-walled empty glistening cystic areas, up to 0.4 cm. in diameter, without obvious 
broncliial connection. The walls of the cysts offered increased resistance to cutting despite 
their thinness. Microscopic; The histologic appearance of both specimens was similar (Eigs- 
3 and 4). The pleura was slightly tliickened. Throughout the lung parenchyma there were 
aggregates of large fusiform or stellate-shaped histiocytes with vesicular nuclei, intermixed 
with abundant eosinophils. Occasional giant cells were noted. Small collections of brownish 
granular pigment were noted within some histiocytes. While in some places the aggregates 
of histiocytes, eosinophils, and giant cells were within the alveoli, for the most part they 
replaced normal lung parenchyma. Several of these nodular areas showed varying amounts of 
fibrosis, and in several places there was extensive fibrous replacement of the lung 
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Tig 4.—Photonucrograpli of biopsy specimen, lower power, showing cyst wall 



FJff 5—X-ray of chest nine months postoperati\ely and nineteen months after dlsco\ery 

of disease. There is slight clearing of the Inflltratlxe process * . * -• 

right diaphragm has occurred 
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parenchyma, with only a few histiocytes or eosinophils recognizable. In places, the lung 
parenchyma showed emphysema or cystlike spaces lined by fibrous or granulomatous tissue. 
Occasional bronchiolar branches led into these cysts. Diagnosis: Eosinophilic granuloma 
lung. ' 

Subsequent course: Following establishment of the diagnosis, a complete bone sur- 
vey was performed, but failed to disclose any abnormalities. Because of reports^i r in 
which it was felt that cases of Letterer-Siwe’s disease had been ameliorated by antibiotics, 
it was decided to treat this patient with a course of combined antibiotic therapy. He had 
already received streptomycin 1 Gm. twice weekly for three months, as well as PAS and INH. 
He was now given repository-type penicillin 600,000 units daily, streptomycin 1 Gm. daily, 
and Aureomycin 250 mg. 4 times daily for the next three months, following which he 
received erj-thromycin 250 mg. 4 times daily for the next two months. The last x-ray examina¬ 
tion made of his chest, nine months postoperatively and nineteen months after the disease 
was first noted, revealed some slight decrease in the extent of the bilateral infiltration. 
Postoperative tenting of the right diaphragm from pleural adhesions was present. There 
was no evidence of a new process or of recent spread (Fig. 5). The patient was discharged 
to his home and was leading a normally active life twenty months after the disease was first 
noted. He was asymptomatic at that time, and continued to show no evidence of extra- 
pulmonary involvement. 


DISCUSSION 


It is now convincingly established that the pathological basis of eosinophilic 
grantiloina,^®’ Hand-Schiiller-Christian syndrome (lipogrannlomatosis 

ornormocholesteremic xanthomatosis),^®' ®® and Letterer-Siwe’s 


disease (reticuloendotheliosis or histiocytosis),^’®^’®® is fundamentally the 
same.®®’ ®®’ ^®’ ®®’ ®®’ ®®’ ®®’ ®®’ ®^’ ®®’ ®® Lichtenstein’s paper®® is particulai’ly 

definitive on the subject. Pulmonary manifestations in these conditions have 
usually been recorded as incidental findings in a generalized disease process 
in which the diagnosis of the pulmonary lesion was either inferred from 
positive extrapulmonary tissue biopsy, or proved at autopsy.^-^- ®’ ®’ 

18-23, 25, 26, 29, 31, 34, 36, 37-39, 41, 43-46, 48-52, 56-60, 62, 65, 68, 69, 71-75, 77-81, 83, 84, 87, 88, 00-93, 06-09, 


102-104 jjj Q^iy cascs huve the pulmonary manifestations themselves been 

the focus of interest. Actual confirmation of the pulmonary pathology in the 
living subject by lung biopsy, in cases where extrapulmonary manifestations 
existed, has been reported only 6 times.®’ ®®’ ®®’ ®®'‘ 

Clinical recognition and pathological confirmation by lung biopsy of the 
existence of eosinophilic granuloma as an isolated disease entity of the lung, 
without other demonstrable systemic involvement, was first reported by Pari- 
nacei, Jeffrey, and Lackey, in 1951.®® (Their 2 cases were re-reported by Lackey, 
Leaver, and Parinaeei, in 1952,®® and again referred to by Lichtenstein, in 
1953,®® and Porsee and Blake, in 1954.®®) Mazzitello, in 1954,®^ reported 2 
new cases. The present report is believed to be the fifth reported case of isolated 
pulmonary involvement. It must be assumed, not that the disease did not 
exist in primary pulmonic form in the past, but that in the absence of cliaiactei- 
istic systemic lesions by which the pulmonary lesions could be recognized, tlie 
disease process in the lungs was incorrectly interpreted. M yet, to the best 
of our knowledge, there has been no report of a case starting out exclusively 
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with pulmonary involvement and subsequently developing generalized disease. 
Eventual recognition of this missing link is to be anticipated. 

CLINICAIi FEATDKES 

Eosinophilic granuloma involves tissue either in the form of discrete 
nodular masses of granulomatous tissue of varying dimensions, or in the form 
of diffusely disseminated granulomatous tissue. In the larynx, flbrotio strictur- 
ing may occur follomng cicatrization of the granulomatous lesion therein. In 
the tracheobronchial tree, polypoid and papillary protrusions of granulomatous 
tissue have been described,which may produce gross bronchial obstruction. 
Diffuse plaquelike involvement of the respiratory mucosa of the tracheobronchial 
tree has also been noted, and stricturing may occur at any point. Mediastinal 
and hilar lymphadenopathy may he extensive. The pleura is often found 
studded with granulomatous nodules, but may be involved in a diffuse plaquelike 
manner. The pulmonary parenchyma proper may be involved by a few large 
single or multiple nodules, but more often there is a profusion of nodules of 
smaller size, commonly ranging from miliary proportions to 2 cm. in diameter, 
giving the tissue a characteristic “shotty” feel. Diffuse granulomatotis in¬ 
filtration of the interstitial parenchyma is also usually present, and in later 
stages parenchymal fibrosis becomes advanced. Going hand in hand with these 
changes are the cystic changes which result from bronchiolar obstruction, pro¬ 
duced by actual granulomatous obturation of bronchiolar lumina and by 
cicatricial constriction and stenosis of the lumina following interstitial fibrosis. 
Granulomatous degeneration of the alveolar wall may be an accessory factor in 
cyst formation. These cystic changes may range from a few small surface 
blebs, through increasing emphysematous degeneration, to complete cystic de¬ 
generation ivith giant bullae or honeycombed lungs in the end stages. 

Microscopically, the pathologic features of the disease are classically sub¬ 
divided into four phases on the basis of progressive age 

1. In the hyperplastic-proliferative phase, there is accumulation of histio¬ 
cytes, which appear in strands and sheetlike collections. Some are actively 
phagocytic and some are multinucleated. There is an associated inflammatory 
cell infiltration consisting primarily of eosinophilic polymorphonuclear leuko¬ 
cytes, but including plasma cells and round cells in lesser numbers. 

2. In the granulomatous phase, there is increased growth of blood vessels 
and stroma in the area of histiocytic proliferation. Fibroblastic activity is 
noted, and reticular fibrils are laid doum. The previmisly noted inflammatory 
cell infiltration composed primarily of eosinophils is conspicuous, and giant cells 
may be noted. Areas of hemorrhage and necrosis may be found. 

3. In the xanthomatous phase, isolated histiocytes or nests of histiocytes 
undergo transformation into foam cells. 

4. The fibrotic phase is the end phase, or that of healing. Cellularity of the 
pathologic picture diminishes as fibrosis increases. Fibrosis is noted to some 
e.xtent in all stages, but eventually becomes quite pronounced. 
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parenchyma, with only a few histiocytes or eosinophils recognizable. In places, the lung 
parenchyma showed emphysema or cystlike spaces lined by fibrous or granulomatous tissue 
Occasional bronchiolar branches led into these cysts. Diagnosis; Eosinophilic granuloma, 
lung. 

Suhsequent course; Following establishment of the diagnosis, a complete bone sur¬ 
vey was performed, but failed to disclose any abnormalities. Because of reports®, r in 
which it was felt that cases of Letterer-Siwe’s disease had been ameliorated by antibiotics, 
it was decided to treat this patient with a course of combined antibiotic therapy. He had 
already received streptomycin 1 Gm. twice weekly for three months, as well as PA,S and INH. 
He was now given repository-type penicillin 600,000 units daily, streptomycin 1 Gm. daily, 
and Aureomycin 250 mg. 4 times daily for the next three months, following which he 
received erythromycin 250 mg. 4 times daily for the next two months. The last x-ray e.xamina- 
tion made of his chest, nine months postoperatively and nineteen months after the disease 
was first noted, revealed some slight decrease in the extent of the bilateral infiltration. 
Postoperative tenting of the right diaphragm from pleural adhesions was present. There 
was no evidence of a new process or of recent spread (Fig. 5). Tlie patient was discharged 
to his home and was leading a normally active life twenty months after the disease was first 
noted. He was asymptomatic at that time, and continued to show no evidence of extra- 
pulmonary involvement. 


DISCUSSION 


It is now convincingly established that the pathological basis of eosinophilic 
granuloma,*®’ ®®’ Hand-Schiiller-Christian sjuidrome (lipogranulomatosis 

or normocholesteremie xanthomatosis),*®’ and Letterer-Siwe’s 

disease (reticuloendotheliosis or histiocj’tosis),*’®*’is fundamentally the 
same,*®’ ®*’ ®®’ ®®’ Lichtenstein’s paper®® is particularly 

definitive on the subject. Pulmonary manifestations in these conditions have 
usually been recorded as incidental findings in a generalized disease process 
in which the diagnosis of the pulmonary lesion was eitiier inferred from 
positive extrapulmonary tissue biopsy, or proved at autopsy.*"*’ ®’ ®’ **’ 

18-23, 25, 26, 29, 31, 34, 36, 37-39, 41, 43-46, 48-52, 66-60, 62, 65, 68, 69, 71-75, 77-81, 83, 84, 87, 88, 90-93, 90-99, 


102-104 jjj Qjjjy cases have the pulmonary manifestations themselves been 

the focus of interest. Actual confirmation of the pulmonary pathology in the 
living subject by lung biopsy, in cases where extrapulmonary manifestations 
existed, has been reported only 6 times.®’ ®®' ®®’ ®®“ 

Clinical recognition and pathological confirmation by lung biopsy of the 
existence of eosinophilic granuloma as an isolated disease entity of the lung, 
without other demonstrable systemic involvement, was first reported by Fari- 
nacei, Jeffrey, and Lachey, in 1951.®® (Their 2 cases were re-reported by Lackey, 
Leaver, and Parinacei, in 1952,®® and again referred to by Lichtenstein, in 
1953,®® and Porsee and Blake, in 1954.®®) MazziteUo, in 1954,®* reported 2 
new cases. The present report is believed to be the fifth reported case of isolated 
pulmonary involvement. It must be assumed, not that the disease did not 
exist in primary pulmonic form in the past, but that in the absence of character¬ 
istic systemic lesions by which the pulmonary lesions could be recognized, the 
disease process in the lungs was incorrectly interpreted. As yet, to the best 
of our knowledge, there has been no report of a case starting out exclusively 
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mth pulmonary involvement and subsequently developing generalized disease. 
Eventual recognition of this missing link is to be anticipated. 

cnmicAn features 

Eosinophilic granuloma involves tissue either in the form of discrete 
nodular masses of granulomatous tissue of varying dimensions, or in the form 
of diffusely disseminated granulomatous tissue. In the larj-n.x, fibrotic strictur- 
ing may occur following cicatrization of the granulomatous lesion therein. In 
the tracheobronchial tree, polypoid and papillary protrusions of granulomatous 
tissue have been described,*®’ “ which may produce gross bronchial obstructioii 
Diffuse plaquelike involvement of the respiratory mucosa of the tracheobronchiai 
tree has also been noted, and stricturing may occur at any point. Mediastinal 
and hilar lymphadenopathy may be extensive. The pleura is often found 
studded with granulomatous nodules, but may be involved in a diffuse plaquelike 
manner. The pulmonary parenehyma proper may be involved by a few large 
single or multiple nodules, but more often there is a profusion of nodules of 
smaller size, commonly ranging from miliary proportions to 2 cm. in diameter 
giving the tissue a characteristic “shotty” feel. Diffuse granulomatous in' 
filtration of the interstitial parenehyma is also usually present, and in later 
stages parenchymal fibrosis becomes advanced. Going hand in hand with these 
changes are the cystic changes which result from bronchiolar obstruction, pro 
dueed by actual granulomatous obturation of bronchiolar lumina and by 
cicatricial constriction and stenosis of the lumina follo^ving interstitial fibrosis 
Granulomatous degeneration of the alveolar wall may be an accessory factor in 
cyst formation. These cystic changes may range from a few small surface 
blebs, through increasing emphysematous degeneration, to complete cystic de¬ 
generation with giant bullae or honeycombed lungs in the end stages. 

Microscopically, the patliologic features of the disease are classically su)), 
divided into four phases on the basis of progressive age 

1. In the hyperplastic-proliferative phase, there is accumulation of histio¬ 
cytes, which appear in strands and sheetlike collections. Some are actively 
phagocytic and some are multinuclejited. There is an associated inflammatory 
cell infiltration consisting primarily of eosinophilic polymorphonuclear leuko- 
cydes, but including plasma cells and round cells in lesser numbers. 

2. In the granulomatous phase, there is increased growth of blood vessels 
and stroma in the area of histiocytic proliferation. Fibroblastic activity is 
noted, and reticular fibrils are laid down. The previously noted inflammatory 
cell infiltration composed primarily of eosinophils is conspicuous, and giant colls 
may be noted. Areas of hemorrhage and necrosis may be found. 

3. In the xanthomatous phase, isolated histiocytes or nests of histiocytes 
undergo transformation into foam cells. 

4. The fibrotic phase is the end phase, or that of healing. Cellularity of the 
pathologic picture diminishes as fibrosis increases. Fibrosis is noted to some 
extent in all stages, but eventually becomes quite pronoi— 
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There is no strict demarcation between the difterent stages and much over- 
apping occurs. The same pathological specimen may show different pictures 
in different areas, and elements of all may be found in any one field. 

The disease may be present at any age, and in both sexes. The patient 
with pulmonary involvement may be completely asymptomatic, as was the patient 
reported in this paper. On tlie other hand, he may complain of chronic pro¬ 
ductive cough, bloody streaking of the sputum, or at times frank hemoptysis. 
Low-grade fever may be present, more marked in the afternoon and asssociated 
mth night sweats. Weakness, fatigabilitj^ and weight loss are constitutional 
concomitants. Chest pain may be present. Pleural effusion may occur. Spon¬ 
taneous pneumothorax, freqiientlj’' bilateral, may occur following the rupture 
of emphj^sematous blebs. Dyspnea of increasing severity may be present, and as 
the disease progresses respiratoiy decompensation may become extreme. In 
addition, progressive right heart failure may eventually i-esult from the ex¬ 
tensive pulmonary fibrosis. 

In early stages, chest x-ray films maj'- show a generalized reticulation asso¬ 
ciated with miliary mottling, and later there may be diffuse soft nodular infil¬ 
trations of varying dimensions. Large irregular densities may be seen. Pibrotic 
changes are a constant feature, and, in the end stages, fibrosis may become ex¬ 
treme. Perhaps the most interesting changes are the cystic ones, which may 
vary from a few fine scattered cystic reticulations through generalized emphy¬ 
sema to bullous degeneration or advanced honeycombing. Cysts containing 
fluid which alternately fill and empty, thus presenting a striking picture on 
serial x-rays, have been reported.^® The effects of gross bronchial obstruction, 
with localized emphysema followed by atelectasis and pneumonitis, may be 
noted. There may be extensive mediastinal and hilar Ijunphadenopathy.^® 

No characteristic laboratory findings have been noted. Blood counts 
occasionally reveal a transient eosinophilia. Bronchoscopy in our case and in 
one of Mazziotti’s revealed diffuse mucosal eiythema. 

Eosinophilic granuloma of the lung must be differentiated from tuberculosis; 
sarcoidosis; silicosis, asbestosis, and other pneumoconioses; coccidioidomycosis, 
histoplasmosis, and blastomycosis; Hodgkin’s disease and other lymphomas; 
and the various tJT^es of fibrocystic disease of the lung including congenital 
fibrocj'Stic disease associated with pancreatic fibrosis, and idiopathic pulmonary 
fibrosis with emphysema. When history, sputum studies, skin tests, serologic 
tests, roentgenograms, bronchoscopy, and node or fat pad biopsies have failed 
to yield a definitive answer, then lung biopsy, a relatively innocuous procedure, 
should be performed in order to make a conclusive histologic diagnosis. We 
have preferred a small formal anterolateral thoracotomy under intravenous 
Pentothal anesthesia with endotracheal intubation and oxygen administration, 
for more adequate examination of the lung and more accurate selection of tissue 
to be biopsied. However, the simplicity of Klassen’s®® method of lung biopsy 
has much to recommend it. 
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Tlieie IS no established effective theiapv foi eosmophihc granuloma of the 
lung The class cal modalitj is \ ray tlierapj, and although good results lia\ e 
been lepoited ivith its use,'' '' the effect has usuallj not been stiihing"’ “ 
ACTII and cortisone should theoretieallj reduce the e\tent of the inteistitial 
fibiosis,® “ but little actual in[ipro\ cment has been noted folloiving thou 
use® " '® “® Chemotherap} ivith nitiogen mustards has been adiocated" 

Peiliaps the most leeent approach to this problem is that of antibiotic tlieiap' 
Aionson® lepoits lemaikable oleaiing of the piocess of Letteiei Srae’s disease 
uith stieptomjcin therapj, and Bieiman and associates icport amelioration 
in the same disease using combined antibiotics In the ease reported heiein, 
slight eleaiing folloued antibiotic administration It must of eouiso be iccog 
nized that natural remissions hare been icported without therapj Since 

the disease is generabzed, thcic can nc\ci be aiij indication foi priman pul- 
monarj lescction Houeier, palliatnc surgeii maj oeeasionallj he consideied 
in selected cases of bronchial stenosis oi obtuiation of the bionchus uith gianii 
lomatous tissue, m eases of giant bullous degeneiation of the lungs, and in cases 
of repeated spontaneous piieumothoia\ with inoomplcto re expansion of the 
lung® 

The prognosis must be guarded in all cases In general, the older the 
patient at the tune of onset, the more benign is the com sc 'While the prognosis 
is appaientlj better when Quh one tissue is iniolved, obseiration over a pro 
longed peiiod of time is nccessaij to rule out the onset of foci elsewheic A 
piogressiielj seieie couise mai usuallj be anticipated, with increasing pulmo 
naij fibiosis and ejstio tiansformation of the lung, and teiminal eoi pulmonale 
Neiertheless, the disease maj lemain stationaij foi long periods of time, and 
spontaneous remssion maj occur Cases of gencialized ssstcmie imohcment 
with piilmonarj lesions lemaining asjmptomatic for as long as ten jeais altei 
onset haie been icported"® The piognosis for primaij piilmonniy lesions 
cannot be stated 

CONCLUSIONS 

1 A case of primarj eosinophilic granuloma of the lung without othei 
demonstrable systemic iniohement is pieseiited, icpresenting, we believe, the 
fitth lepoited ease 

2 The d sease is chaiaeterired b\ stiiKing fibrotic and ejstic pulmonaij 
degeneiation 

3 Eosinophilic giainiloma should be considered in the differential diagnosis 
of nodnlai, infiltiative, and fibioevstic disease of the lung 

4 Lung biopsj is au essential diagnostic pioeeduie iii such eases 
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INDUCTION OF BRONCHIAL CANCER BY LOCAL lilASSINO OF 
CARCINOGEN CONCENTRATE IN OUTDRIFTING MUCUS 

Charles C. Macklin, M.B., M.D., M.A., Ph.D., D.Sc., F.R.S.C. 

London, Ontario 

INHALED CARCINOGENS 

T he danger in inhaling cigarette smoke lies in the smallness of the par¬ 
ticles, for this ensures that many if not most of them are carried to the 
rich capillary net of the delicate alveolar walls Avhere the diffusible product is 
immediately absorbed to give the smoker his “kick.” It is to get this effect 
that he inhales. If the smoke is held in the lungs long enough there is little or 
none of it visible in the exhalation. But not all of the elements of the smoke 
are thus promptly absorbed, and tarry ultramieroseopie materials remain on 
the alveolar walls, doubtless temporarily entrapped in the alveolar mucoid 
fluid (Macklin®’ U, and are speedily accumulated in the segregation apparatus 
of the phagocytic pneumonocytes (alveolar phagocjdes). These “dust cells” 
make their way to the glottis to be swallowed or spat out. They are of the 
same category as heart failure cells. In smoker’s sputum their segregation 
granules appear bro-\vnish in color. The dust cells probably never buri’ow out 
if the alveoli to enter the lung interstices and lymphatic vessels as some 
Arriters used to suppose (Macklin^'’). But only a fraction of the dust cells 
■each the glottis intact; most of them disintegrate and their contents are 
lorne along in the magic carpet or raft of mucus that constantly moves from 
;he alveolar region along the bronchial system to the trachea and glottis. 
This carpet is motivated by millions of underlying ciliary fingers waving 
:edulously outward. It is a vital escalator for without it the lungs would soon 
ill with inspired dust. 

Now the smoke derivatives, thus infesting the surface of the lung interior, 
)oth outside and inside the dust cells, are carcinogenic. Wynder, Graham, 
ind Croninger^ have told us how cigarette smoke residue, painted on live 
mouse skin, induces cancer there. The mucus carpet is charged with this 
carcinogen. Part of it doubtless never enters the dust cells at all but is picked 
out of the smoke by the sticky bronchial walls before it enters the alveoli. 
Graham^*" has pointed out that 90 per cent of aU bronchial cancers are of the 
epidermoid (squamous-cell) type and that it is very rare in nonsmokers. 

From the Department of Anatomy of the University of Toronto. 

Formerly Research Professor of Histology, University of Western Ontario, London. 
Ontario, 

Received for publication June 29, 1955. 


238 



Volume 31 
Number 2 


CAKGINOGEN CONCENTKATE IN OUTDEIFTING MUCUS 


239 


THE TRIANGULAR ESCALATOR 

To visualize the diagrammatieally deltoid form of this gliding mucus 
raft which may be so dangerously infiltrated with cancer-producing eliminates, 
we must imagine the bronchial tree as split open, its walls flattened out, and 
seetions of equivalent caliber laid side by side (Maeklin and Macklin'"). This 
feat would be impossible practically, but in imagination it may be accomplished. 
It is dramatically clear that the peripheral alveolar part of this field is im¬ 
mensely greater than the hilar part, being one hundred square meters or one 
million square centimeters in area (von Hayek'*) as compared with but a few 
square centimeters. AVith such a discrepancy, we would be unable to represent 
the two in a realistic drawing, but by imaginatively shrinking the peripheral 
part we may construct a practical diagram, as has been done in Fig. 1, which 
epitomizes the main point of this discussion, namely, that as the carpet moves 
from base to apex of the triangle its streams converge and its contents become 
concentrated. By using ellipsoidal contours, an attempt has been made in 
Pig. 1 to suggest the enormously greater area of the peripheral region as con¬ 
trasted with the stem, so that instead of a triangle one has something more 
like the transection of a renal pyramid. 

CONVERGING CURRENTS 

The peripheral alveolar zone is, in inhalers, the main "catchment basin” 
of smoke-carried carcinogens. It is composed of all the alveolar air surfaces 
put together. In cigarette smoke inhalation, a heai'y shower of tarry particles 
falls upon it. These are really smog particles for, from the warm humid air of 
the respiratory tract, each grain gathers up an investment of water molecules. 
These grains, after impingement on the alveolar wall, are moved centrally, 
and it would seem mainly within dust cells and probably by amoeboid move¬ 
ment, first to the stems of the lung lobules constituted of the ti’ansitional 
(respiratory) bronchioles (Maeklin”). This first lap of the journey has en¬ 
tailed the most spectacular narrowing of the carpet which, up to this point, 
has been aqueous-mucoid (Maeklin”) rather than mucous in type. There is no 
apparent ciliary motivation here. 

THE VULNERABLE HILAR EPITHELIUM 

AVe may, then, imagine this gradually narrovdng raft, in which lurk 
carcinogens, as drifting from the periphery of the lung toward and into the 
hilus. Each part of it must pass consecutively along the alveolar bronchioles 
(duets, Macldin”), transitional (I’espiratory) bronchioles, various orders of 
smooth-walled bronchioles, and then the small, medium, and large bronchi. 
The reason the raft is continuously narrowing is because it has to adapt itself 
to the extent of the wall space of each class of air tube and this collective wall 
area is reduced rapidly. The collective cross section and hence width of the 
spread-out wall mucosa of all the small bronchi, for instance, is greater than 
that of all the medium bronchi and, in like mode, there is surface diminution on 
doivn to the trunk of the bronchial tree. AVe may ask why the raft does not 
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Fig. 1.—The "Carcinogenshed." An idealized conception of the surface drainage field of 
the interior of the lungs to illustrate the convergence of mucus currents with consequent con¬ 
centration of the contained carcinogens of inhaled cigarette smoke, smog, radioactive “fall¬ 
out,” radioactive mine dust, etc. In the large bronchi, there is great concentration combined 
with slowing of the mucus raft, and here the epithelium is exposed to a maximum of car¬ 
cinogenic action and bronchial carcinoma is most abundant. Concentration of car¬ 
cinogens may be increased by dehydration as the raft of mucus moves over the conjoined 
bronchial area, in the direction indicated by the arrows, toward the liilus of the lung and 
ultimately the glottis. Although zones are marked off for the alveolated bronchioli (repre¬ 
senting the alveoli), for the smooth-walled bronchioli, and the small, medium, and large 
bronchi, there is no attempt to represent these areas on a proportional basis. For instance, the 
outer ^veolar zone would have to be immensely greater than it is to bring it into true rela¬ 
tion to the area of the large bronchi. Most of the carcinogen-bearing smoke and smog fails 
on this great peripheral alveolar territory; its walls are not covered by true mucus hut rather 
by alveolar mucoid fluid (Macklin*. ®). and no true cilia abound here so that transport of 
carcinogens seems to be largely intracellular and amoeboid in type. The dots indicate the 
carcinogens moving in the direction of the arrows. The broken transverse crescentic lines 
stand for the carinae of the large bronchi and trachea. This diagram is, of course, not 
intended as a universal indicator of the sites of bronchial cancer for not a few of these occur 
peripherally to the hilar region of the lung. As a watershed gathers in and drains away 
water so this “particleshed" gathers in and drains away carcinogens that have fallen upon it 
from the inspired air. 
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greatly thicken as it narrows, even to the extent of obstructing or blocking the 
tubes, particularly as it must gain volume from added secretions, and the ex¬ 
planation seems to be that it gives off water as it moves along (for alveolar 
air may lose water to alveolar fluid and be desaturated, Jlaclclin*’). Such a 
“boiling do'ivn’’ W'ould further condense the carcinogens. Therefore, in the 
larger bronchi of the hilar region the carcinogens are tremendously con¬ 
centrated. That is why the epithelial cells of the large bronchi, underneath 
this raft, are exposed more than are those of any other part of the bronchial 
tree to the delinquency-promoting action of carcinogens on cells. That is why 
most bronchial carcinoma develops in the hilar region. By the time the raft 
gets to the hilus, its diminution in area by convergence is as much as ten 
thousand into one. 

SLOtVING AT CONFLUENCES 

Another factor makuig for heightened carcinogenic action in the hilar 
region arises from the fact that at the great bronchial confluences there is an 
inevitable lateral shift of much of the mucus current entailing a thickening of 
the mass at such points and delay in its onward progress. This makes these 
forkings the scene of extra accumulation and also a lingering of the carcinogen 
forces which then have leisure to act vith great strength upon the underlying 
epithelium. This will be clear when we recall that the two streams of the 
inner walls of the bronchi which merge at a fork come to an end, so to speak, 
at the edge ef their earina and caw only proceed hy twrwihg ewt along the 
curving keel. Any illustration of the human trachea and large bronchi (von 
Hayek*°) will show that the hilus of each lung is a confluence region ivith as 
many as four carinae. It is not difficult to see why the mucus currents here 
should slow dorvn, for the ciliary burden must become much heavier rather 
suddenly from convergence of currents and deviations at carinae. Another 
point to be mentioned about the hilar region in this connection involves 
specially the bronchi to the upper lobes at the points where they enter the 
main bronchi and that is, that the mucus traveling dovm the medial side has 
to make a sudden turn as it climbs up the lateral wall of the main bronchus, 
and because of the upright posture it is moving against gravity. It is like 
walking on the ceiling. This site is said to be a favorite one for bronchial 
cancer, particularly on the right side. My readers are enjoined to comsult a 
bronchial map (Boyden") and try to figure out the course of masses of mucus 
proceeding along any of the branches centering in the hilus. AlTien this 
visualization is done in three dimensions and attention is focused on the inside 
of the tubes, it will be realized that there is here (1) a rather sudden merging 
of currents of mucus entailing a thickening of the raft with an inevitable in¬ 
crease of the strain on the underlying cilia, which cannot possibly be reinforced 
in any way to meet it, and (2) a complex of demons courses of mucus streams 
as they curve out to avoid “falling over the edges” of the carinae and, thus, 
they undergo unavoidable accumulation and retardation in the proce.ss. If 
now they will see in this mucus coating of the large bronchi a hotbed of 
carcinogens, they will be educated to an understanding of the basic reason for 
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the Mills being par excellence the part of the entire field of the bronchial 
epithelium where carcinomatous change occurs. Why masses of mucus arriving 
at a carina come to the end of the road, so to speak, and are unable to go 
stiaight on, but must be deflected by special ciliary arrangement to one or 
other mde is even more convincingly demonstrated by looking into the interior 
of a living bronchus through a bronchoscope; but a good substitute for this 
experience is had by viewing illustrations of bronehoscopic fields such as those 
of Fig. 125 of Brock." 

Then, too, it is more than possible that this long-acting concentrate of 
smoke products would functionally depress the oversmeared ciliary propellant 
making the current sluggish and the carcinomatous raft to lag, particularly in 
the hilar region. Ciliary paralysis, partial or complete, would thus constitute 
an accessory retarding mfluenee. Metaplastic change even removes the cilia. 
All told, it seems very probable that in the hilar region of the bronchial tree 
there is more cancer-producing substance acting on the epithelium for a longer 
time than there is any^vhere else in the air tract. The effective carcinogenous 
material is probably not intracellular; it is more likely that it is in the remains 
of phagocytes which carried it out of the alveoli and along the alveolar 
bronchioles (ducts) to the ciliated part of the air tract. Indeed, some of the 
material may never have been phagoeytized at all but have been intercepted 
as particles by the sticky mucus of the raft. The carcinogen acts doubtless as 
a molecular solution upon the epithelium. Carcinogenic power probably varies 
directly with the concentration. 


SJIOGS AND RADIOACTIVE DUSTS 

Inhaled cigarette smoke has been widely incriminated in bronchial cancer 
induction, but it is surely not the only offender, and the special vulnerability 
of the epithelium of the hilar bronchi to cancer must be related to all dusts and 
smogs containing carcinogens borne in the mucus currents passing over it. 
The mechanism would be the same for all. The outdrifting mucus raft affords 
the only means of eliminating particulate matter admitted to the lungs save that 
available for large masses when peristaltoid movements of the bronchial muscu¬ 
lature (MackliM) and coughing come into play. The air of great cities like 
Los Angeles is contaminated with the products of combustion of coal and oil 
and these, especially those of oil, are in very finely particMate form and 
attract water molecules to form smog. These minute smog particles are likely 
to travel right to the alveoli and impinge on the walls thereof. It is probable 
that smog always forms when very small particles are being carried along in 
the humid air of the bronchial tree. The danger of cancer induction is enor¬ 
mously increased if the particles are radioactive, as was the case in the dusty 
mines of Schneeberg and Joachimsthal (Lorenz®) where so many of the 
miners became victims of bronchial carcinoma. This breathing in of “hot” 
particles in certain unprotected industries is an invitation to lung cancer. 
Entire populations, in these days of the testing of thermonuclear weapons, 
may be subjected to this hazard, for the inhalation of relatively small quantities 
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of raclionetive “fall-out” may ultimately result in a great crop of bronchial 
cancers. This could occur, of course, only in those people whose intake of 
“hot” dust was prolonged and insufficient at any one time to induce immediate 
serious illness. The conveyance of these radioactive particles in the mucus of 
the air tract and the concentration of the carcinogen in the hilar region would 
be like that described for inhaled cigarette smoke. It may take some thirty 
years or more of action of carcinogen concentrate from inhaled cigarette smoke 
to break down the contraeancer defences in bronchial epithelial cells (Gra¬ 
ham**), hut that from frequent exposure to radioactive fall-out would likely 
require less time. Chronicity is of the essence of carcinoma induction. Primary 
origin is doubtless in fields of epithelium, with progressive conversion of nor¬ 
mal into cancerous cells, rather than in single cells or small foci of cells 
(Willis’®), and there may be more than one such field (Ackerman’). The 
exact reason for the selection of any special field for cancerous change is not 
apparent. It may be a local hereditary predisposition. The same explanation 
may apply to those bronchial carcinomas which oecTtr beyond the hilus; but 
here the exciting cause would be found, as for the others, in the chronic 
application of carcinogen concentrate. Slaughter and his associates have re¬ 
cently discussed field cancerization and mnlticentric origin.’®’ 

TRACHEA 

Why is the trachea less involved in cancer than are the large bronchi! 
Certainly it bears the end result of convergence of mucus currents and desicca¬ 
tion of the earcinogen-infllti'ated mucus. Possibly it is because the mucus raft 
travels more rapidly in the straight trachea, and is not abruptly piled up and 
slowed as in the devious course of the hilar bronchi; and is not on the whole 
so adversely affected by gravitational influence as are certain parts of the 
large bronchi; and possibly because its cilia are not overburdened and are 
more efficient. Certainly there is not at the origin of the trachea as sudden 
and great an augmentation of the ciliary load as there is in the hilar region, 
as the cross section of the two main bronchial ti-ibufaries is not much different 
from that of the trachea. If one of the alternative explanations for the prev¬ 
alence of hilar bronchial cancer be applied here, namely, that it is due to 
some sort of “heat stroke” by the entering column of hot smoke, the trachea 
should succumb before the bronchi and even this guess would apply only to 
smokers. If the eancer-producing action -were primarily on the first part of 
the trachea more heavily involved than the great bronchi. By the time the 
mucus gets to the trachea it is doubtless depleted in carcinogens. 

PREVENTION 

For the cigarette smoker, the ideal course would be total abstinence from 
cigarettes; but short of this it is wise to exercise moderation and particularly 
to abstain from inhaling the smoke. AVith the dangerous smogs of cities, 
radioactive mine dusts, and “fall-out,” elimination of the cause is the essen¬ 
tial thing. Masks of proper type will aid in emergencies. Education of the 
public (Hudson®) will cut down the rate o^ 
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which IS already the most frequent carcinoma in the human male (Graham'’''). 
Storm warnings are flying. Maj’-er^® has affirmed that, at present accelera¬ 
tion, the death rate from lung cancer is expected in the next quarter of a cen¬ 
tury to exceed that from all other cancers conibined. 


SUMMARY 

The smoker who inhales brings by far the most extensive area of his 
lungs, the alveolar, into play to catch carcinogens. These smoke particles, 
deposited on the inner surface of alveoli and air tract, are returned to the 
pharynx in a layer of moving mucus Avhich converges and lingers in the hilar 
region. Here the carcinogens are specially concentrated and stagnated, and 
they act with high intensity and chronicity on the epithelium of the great 
bronchi, to induce more cancer than elsewhere in the bronchial tree. Other 
eareinogenic particles, in smogs and radioactive dusts, have a similar mode 
of application to the bronchial epithelium Avith disastrous result. 

I thank the ICational Eesearch Council of Canada and the National Cancer Institute 
of Canada for aid and encouragement in studies leading to the maturation of the fore¬ 
going theory. 

I vdsh to thank Dr. E. V. Cowdry for encouraging me to nTite this paper and Dr. 
Arthur W. Ham for laboratorj' facilities. 
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PHYSIOLOGIC ASPECTS OP BRONCHOGENIC CARCINOjMA 
Seymour M Parser, MD, Roger H L AVilson, MD, David A AVood, AID, 
AND Orville P Grimes, M D 
S IN Francisco, Calif 

A t the pieseiit tune, tJie tieatmcnt of choice foi bioncliogenic caicinoma 
IS extensive suigerj, the onlj appioach vluch offers the possibilit-y of 
cuie Piimarilv, as a consequence of the pioblems posed bj bionchogenic 
carcinoma, the technical aspects of tlioiacie surgeij Iiave been intensivelj studied 
dining the past two decades Surgical techniques, as well as opeiative and 
postopeiative pioceduics, have been developed to the point that piicumonec 
tomies are common opeiations in all oiii large hospitals Maiij of the suc¬ 
cessful opeiations in the past, howevei, have resulted in complete lespiratoij 
crippling of the patient Thus, the phjsiologio pioblem of ovei all pulmonarj 
function and pulmonaij leserve has become of ciitical importance In fact, 
lack of adequate pulmonarj leseivc is probablj the onlv majoi contiaindieation 
to pneumonectomy at present, outside of the extension and metastasis of the 
tumoi Itself 

This situation has been a gieat stimulus to the stiidj of pulmonaij function 
As a result, methods have been developed to deteiniine pulmonarj leserve, and 
even to estimate with some aeeuiacj’ what the lespiratory status of a patient 
will be after suigeij These procedures aie not limited to use in laige universitj 
reseaieh laboratories, manj of them aie sufficicntlj simple and inexpensive to 
be utilized in anj hospital that has facilities for surgical exploration of the chest 
Such testing, of eouise, is time consuming and some training of the examiner 
is neeessaiy It often piovides clinically valid answers to the questions 
important to surgical evaluation, and the value in prognosis warrants the time 
and effort required 

COMMON rOLMONVRX FUNCTION TESTS 

The leqiiiiements of physiologic testing vaij consideiahlj fiom patient to 
patient Sometimes a few simple studies will piovide clear and unequivocal 
mfoimation, while a inoio thorough evaluation is needed foi some patients 
The puipose of the following desciiption is to define the basic minimum stiidj 
necessarj to piognosis in the casiei cases, such a stiidv will also serve as 
groundwork for moie detailed evaluation in the difficult cases 

Basic Yentilatoiij Tests —Simple ventilatorj tests should he done at the 
time of diagnosis' Maximum breathing capaeitj has been so well standaidized 
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that it is a useful point of reference, even tliough in certain respects it may be 
considered somewhat unphysiologic. Some form of resting, exercise and recovery 
ventilatory test provides valuable information. These tests can be correlated 
to give various ventilatory coefficients. Spirographic tracings are informative, 
since they show over-all compliance and volume changes, both qualitative and 
quantitative. These tests require simple instruments and only a minimum of 
training on the part of the operator. Tests, such as breath holding, pneuma- 
tometry, and others, are used by some workers to amplify results further. 

Radiologic Techniques .—The usefulness of fluoroscopic study of the heart 
silhouette is generally recognized. Such studies are usually amplified by electro¬ 
cardiograms and determinations of hematocrit, venous pressure and circulation 
time. These evaluations are particularly impoitant when a pneumonectomy is 
contemplated, since right-sided heart failure may ensue in patients with emphy¬ 
sema in the remaining lung and any significant degree of pulmonary hyper¬ 
tension. 

Fluoroscopy is also useful in detecting specific abnormalities affecting 
pulmonary function, such as a weak diaphragm. Inspiration-expiration postero- 
anterior x-rays of the chest should be correlated with vital capacity tests. 
Wliile measurement of lung areas, as shoum in x-rays, with a planimeter does 
not take into account the effect of pathologic lung changes, it does give a rough 
basis for differentiating the ventilation volume of each lung and for estimating 
residual volume.^ 

Radiologic information can be supplemented by simultaneous intrapleural 
pressure readings, using standard pneumothorax equipment, during quiet and 
maximal respiration. These data are particularly useful in determining pul¬ 
monary compliance on both sides. 

Intrapulnionary Gas Mixing Tests .—The study of residual air and intrapul- 
monary gas mixing has become a common procedure in many hospitals. Either 
the closed-circuit helium or tlie open-circuit nitrogen method will provide in¬ 
formation as to the presence of overdistention and the mixing of inspired air 
with alveolar gas. While these tests permit a more accurate definition of these 
aspects of pathophysiology than do radiologic methods, they do not differentiate 
between the two lungs, and hence are, we feel, more applicable to the analysis 
of a diffuse disease process than to the localized process of a cancer. They may, 
however, eontribiite to prognosis after differentiation has been established by 
other techniques. 

Broncho spirometry. —Although bronehospirometry is the best single differ¬ 
entiating function test noiv available, the discomfort it causes the patient and 
the long^testing period have limited its use. Also some training is required for 
correct evaluation of bronehospirometric findings with the problems of catheter 
blockage and the effects of the catheter itself upon the air flow. Since it is the 
most a'ccurate technique we have for determining volume ventilation, oxygen 
consumption, and intrapulmonary mixing for each lung separately, the value of 
bronehospirometiy outweighs these difficulties in practically every instance in 
which the results of simpler tests are ambiguous. It is especially valuable in 
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assessing the condition of a single lobe in cases where a choice must be made 
between a lobectomy or a pneumonectomy involving the sacrifice of nomial tissue. 
Studies should always be made during exercise (with foot pedals) as well as 
at rest.® 

It must be remembered that bronchospirometry can evaluate the funetion 
of a lung or a lobe only under tlie conditions prevailing at the time of the 
examination. Predictions of postoperative course are often found to be con¬ 
servative because they do not take into account the great adaptiveness of the 
organism to the postoperative situation. 

Blood Studios .—^Many of the simpler studies involving arterial oxygen 
saturation can be done with a photoelectric ear oximeter. The clinical estimate 
of oxj’gen in the blood, however, requires cxpeiicnce. Isolated arterial oxygen 
values, of course, are of little significance, but desaturation on exercise is im¬ 
portant to know, particularly when it cJin be con-elated with oxygen consump¬ 
tion.'* The breathing of pure oxygen may demonstrate abnormalities of gas 
distribution and blood perfusion.® 

The detection of respiratorj' acidosis, as reflected by arterial COs tension, 
is important during all stages of operative treatment—preoperatively, during 
the operation, and particularly in the immediate postoperative period. In most 
laboratories this value can be readily aseei-tained by determining the arterial 
blood pH and the direct plasma COz content, calculating the tension by the 
Henderson-Hesselbaleh equation. The Van Slyke apparatus is found evei-y- 
where, pH meters are coming into widespread use, and the range of their service¬ 
ability full}' justifies their purchase. Arterial puncture is a simple procedure 
that should involve no hazard. 

Simultaneous blood-gas studies, with calculation of venous admixture, 
diffusion gradients, and so forth,” arc beyond the scope of most hospital lab¬ 
oratories. Such studies are not always as informative in determining pulmonary 
function in cases of bronchogenic carcinoma as in cases of diffuse disease. 

Admittedly, lung function tests are not as well standardized as routine 
clinical use makes desirable, and often the clinician must work with improvised 
equipment. However, the infm-mation gained, even with the most limited 
materials, can aid in determining the type of surgical procedure to bo under¬ 
taken and even, in some cases, whether an operation is feasible. They also arc 
a useful guide to prognosis of postoperative lung function, and can alert the 
surgeon to operative and postoperative hazards. 

THE EVALUATION OP PRE-EXISTINC. PULMONARY ..VDNORMALITIES 

Pre-existing pulmonai-y abnormality is very common in patients in the 
age group in which bronchogenic carcinoma is most frequent. Some degree of 
emphysema is almost the rule; in addition, such disorders as fibrosis and pleural 
thickening are often encountered. These abnormalities introduce special diag¬ 
nostic problems because of the difficulty of isolating the effects of the tumor 
from the general pulmonary insufficiency. 
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In some cases, a pre-existing abnormality is easily recognized. Obstructive 
emphysema (not due to the tumor) is manifested by the typical delay in ex¬ 
piration as sho^vn on the spirogram, as well as by the increase of residual air 
in relation to vital capacity. Trapping of the “normal” lung by pleural fibrosis 
is also easy to detect but, in many instances, it is difficult to decide whether 
there is anj'' pulmonaiy insufficiency in addition to that directly due to the 
tumor. It is dangerous to assume that the nonaffeeted side is normal, especially 
when radiologic or clinical evidence suggests abnormality. If spirographic 
tracings do not give volume and velocity measurements which are at least one 
half of the predicted value, some degree of ventilatory difficulty on the normal 
side should be presumed. Also, abnormal intrapleural pressures on the contra¬ 
lateral side confirm the presence of a generalized pathologic condition in addition 
to the tumor. 


Even when abnormality of the other lung has been established, the degi’ee 
of respiratory embarrassment due to that lung may be difficult to determine. 
Occasionally this problem can be approached by trjdng to approximate the 
degree of embarrassment due to the tumor and its secondary manifestations, 
and subtracting this from the total respiratory deficiency. More often, con¬ 
ditions secondary to the tumor will be impossible to estimate; even where there 
is clear evidence of emphysema, it may be difficult to tell whether it is com- 
pensatoiy or independent of the tumor, or whether it is reversible or not. A 
study of the area change in posteroanterior x-ray films made during inspiration 
and expiration maj"- give a reasonable basis for determining the volume venti¬ 
lation of the contralateral lung; however, in many cases, bronchospirometry 
will be very nearly mandatory. Every effort should be made to determine the 
efficiency of the other lung, even if it involves referring the patient to a better- 
equipped institution; otherwise there is the risk that successful surgerj’' may 
actually shorten the patient’s life. 

A good many investigators have attempted to develop more accurate methods 
of evaluation. For example, angiocardiography has been used to demonstrate 
not only blood flow through atelectatic tissue, but also through anastomotic 
channels in the tumor mass.'’ Cardiac catheterization, using a balloon-tipped 
catheter, has been applied in determining the effects of blocking pulmonary 
artery blood flow to an affected lobe. There have been attempts to forecast 
partially the effects of possible pneumonectomy by blocking simultaneously 
both blood and air flow to the lung to be removed.® Although these procedures 
may hold out hope for the future, they are too complicated and too hazardous 
for clinical application at the present time. 


It should be pointed out that in a good many instances the elementary 
methods of determining respiratory function efficiency will suffice to clear up 
doubts about the feasibility of an operation. This is particularly true in those 
cases in which severe exertional dyspnea seems out of proportion to the amount 
of damage indicated by lung function testing or visible radio!ogically. In 
anany cases of lung cancer, the subjective feelings of dyspnea bear almost no 
wlAation to the real extent of abnormality. This is probably a result of increased 



Volume 31 PHYSIOLOGIC ASPECTS OF BKONCHOGENIC CAKOINOJrA 249 

Number 2 

stretch reflex irritability in an area of “stiffened lung’’ due to infiltration. In 
such cases, other lung fuuetion tests will show virtually normal values. 

PUW'IONAKY ruNCTION TESTS DURING THERAPY 

Surgieal procedures which involve only the resection of damaged tissue 
are likely to result in improved lung function by improving the distribution of 
blood and gas in the lungs as a whole. In such cases pulmonary function is 
rarely a problem after the operative and postoperative phases. However, in 
some instances where preoperative studies have revealed only a well-localized 
peripheral tumor, evidence of spread at thoracotomy may call for pneumo- 
neetomy. This ivill sacrifice a good deal of lung tissue, reduce ventilation, and 
shunt the whole of the cardiac output through the remaining lung. If there is 
already gross obstructive emphj’sema with respiratory acidosis, the patient may 
be unable to ventilate .sufficiently after the operation. If there is pulmonar 3 ' 
hypertension with early signs of right ventricular strain, the pneumonectomj' 
maj' be enough to precipitate right heart failure. 

If pulmonarj’ reserve is adequate and an operation is undertaken, the 
patient’s re.spiration must be watched carefully during the operation and par¬ 
ticularly postoperatively. A'’entilation during the operation is usually not a 
problem, since it is controlled by the anesthetists with a direct view of the 
thorax, although even in this situation respiratorj' acidosis may occur unless 
special attention is paid to tidal volume. In some of the better-equipped 
hospitals the end-e.xpiratory CO» content is continuouslj- followed by automatic 
analj’zers, so that the smallest degi'ce of acidosis can be detected and checked.” 
In institutions without this equipment, a periodic check of arterial COj tension 
can be made bj’ analj’sis of CO. content and pH values. 

After the thorax is closed, but before the patient completely recovers con¬ 
sciousness, respiration is liable to become too shallow to maintain adequate tidal 
volume. In the past there has been a tendency to administer oxj’gen to such 
patients, which treats the hypoxia selectively and masks impending respirator}’ 
acidosis. It is our conviction that the intermittent positive pressure apparatus 
is preferable in respiratory failures of this kind, since it restores adequate venti¬ 
lation, thereby preventing the accumulation of 00= as well as ensuring normal 
oxygen content in the alveoli. 

A number of other postoperative developments such as pleural effusions, 
atelectasis, paradoxical respiration, and pericardial tamponade may tend to 
diminish respiratory efficiency. In our experience, painful respiration, usually 
at the site of incision, has been the most frequent cause of respiratoiy embarrass¬ 
ment. It can usually be controlled by a paravertebral alcohol block or Novocain 
infiltration of the incision. 

In the later postoperative phases, scoliosis is perhaps the greatest danger, 
especially after pneumonectomy with thoi’ocoplasty. The occurrence of scoliosis, 
which may mean the difference between respiratory crippling and a reasonably 
normal life, can be prevented only b.v diligent physical therapy. It has been 
our practice to institute such therapy before surgeiy and continue it for about 
six weeks, until the patient is able to carry on the exercisc-s bv himself 
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Last, it should be pointed out that palliative radiotherapy should not be 
contemplated in patients with any degree of respiratory embarrassment unless 
pulmonary function tests are performed. It must be remembered that such 
therapy results in immediate local swelling and edema which may be followed 
by fibrosis involving a good deal of normal tissue. The end product is devas- 
eularization, focal emphysema, and loss of alveoli, with a consequent reduction 
in the pulmonary eapillaiy bed and a diminished alveolar surface area. If 
there is any considerable pulmonaiy insufficiency to begin with, radiotherapy 
can easily result in maldng a patient a respiratory cripple. 


SUMMARY 

The surgical therapy of bronchogenic carcinoma demands preoperative study 
of puhnonaiy function. In man}’- cases simple ventilation studies and inspira¬ 
tory-expiratory posteroanterior x-rays are sufficient. In difficult cases where 
further study is required, differential bronchospirometry is the most valuable 
procedure. The isolation of the effects of the tumor from pre-existing and con¬ 
sequent abnormalities may be very difficult. 

Inadequate ventilation during surgery and in the early postoperative phase 
may readily occur. Pain in the chest may restrict ventilation. These factors 
should be watched for. Scoliosis may develop later and be of sufficient degree 
to restrict ventilation. Radiotherapy may markedly interfere with pulmonary 
function. 

Detection, prevention, and energetic therapy of causes of pulmonary in¬ 
sufficiency are mandatory for best results in the surgical treatment of broncho¬ 
genic carcinoma. 
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I N CONGENITAL oi acquired oonstiictue disease of the aiteiial system, an 
enlaiged collateial enculation is piesent, but this is not tiue in the case of 
aneurjsms The euculatoiy shunt is an immediate suigical substitute for 
collateial circulation It pioiides nutrition to distal utal oigans and time foi 
meticulous leconstruetive surgeiy The closei the lasculai lesion is to the heait 
the greatei the need foi a shunt, since momentary inteiniption of the eeiebial 
enculation disposes the patient to an unnecessary iisK In fact, high occlusion 
of the aoita just distal to the left subclaiian aitcii is not without iisk since 
marked phjsiologie disUubanees aic piocipitated not oiilj upon occlusion but 
upon release of tlie occlusion as well 

Sudden occlusion ncai the arch pioduees a pioximal hjpeitension which, 
if sustained, may prove to be a seieic imposition upon both the left \entricle of 
the heait and the ceiebial blood vessels It is reasonable to believe that in 
oldei patients the sudden additional vaseiilai tension may piecipitatc a ceiebial 
accident or, if prolonged, dispose the patient to myocaidial insuiificiencj be 
cause the status of the coionaij arteries is usually an unknown factoi How 
e\ci, cardiac failuie is unlikelj to occur if the coroiiaiw blood siipph is capable 
of increasing m pioportioii to the mjocardial demands 

From the Department of Thoracic Surperj VA Hospital BrooUlj n Is ^ and Depart 
ment of Surgery State Universitj of New "iork College of Medicine at New lork 

Read at the Thirt> fifth Annual Meeting of The American Association for Thoracic 
Surgery at Atlantic Cltj N j April 24 to 26 1956 

•Consultant In Thoracic Surgerj VA Hospital Brooifijn N “i and \ssocl ite in Surgerj 
Columbia University New York N Y 

••Chief of Thoracic Surgerj V\ Hospital Brookljn NY an 1 Clinical A^isoclate 
Professor of Surgery 

•••attending Surgeon VA Hospital Brookljn N Y 

•••• \ssistant Chief of Surgery % \ Hospital Brookljn N Y and Clinical Assistant 
Professor of surgery 

•••••Chief of Surgery VA Hospital Brookivn N Y and Clinical Associate Professor 
of Surgerj 


251 





252 


CHAMBERLAIN ET AL. 


J. Thoracic Surg. 
March. 1956 


Sudden release of the occlusion is more hazardous than sudden occlusion 
because coronaiy flow is reduced at a moment -when myocardial demand is 
maximum. To wit, it is known that distal to the occlusion a hj'potension de¬ 
velops Avith an associated hypoxia and vasodilatation. Upon sudden release 
of the occlusion, “hemoiThage” may be said to occur into the dilated vascular 
bed. A marked fall in blood pressure often results which is tolerated Avell by 
all the various systems except the vital coronary system whose flow is momen¬ 
tarily decreased in the presence of a compensatory increase in the work of the 
heart. Stagnation of the blood under these circumstances causes reduction in 
the vohnne of circulating blood with a decrease in blood returning to the heart. 
The reduced cardiac return is accountable for the low cardiac output and the 


Fig. 1.—^Left lateral film taken In 1949 revealed a mediastinal mass, posterior to tlie 
heart, proved on exploration to be an aneurysm of the descending aorta. A reproduction of 
posteroanterior film of chest is omitted because it was uninformative. 

fall in both systolic and diastolic pressures. Since the diastolic pressure is an 
important adjunct to coronary flow the stage has been subtly set for a cardiac 
catastrophe. After high occlusion of the aorta for perhaps an hour, the heart, 
laboring against a head pressure of this degree, is approaching exhaustion at 
a time ivhen the occlusion is suddenly released. The strained heart in a des¬ 
perate effort to compensate for the sudden change in vascular dynamics is then 
called upon to make a final heroic effort to restore circulatory physiology to 

normal. , , . 4 . „ 

It is the Imowledge of this potential disaster that drives the surgeon to a 

hasty conclusion of a rather meticulous piece of surgery. He knows that m Ins 
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contest ^\lth time he must fiugallj’ piotcct tlic cnidiae reseive bj ledueing to a 
minimum the hypertensiie and liypotensive inteiials Should piolonged ooelu 
Sion piove necessary, the integrity oi the coionaij uiculation maj be enhanced 
by the gradual release of the occlusion and the simultaneous use ot a \aso 
constiicting diug These hazaids aie aioidcd by the use of a shunt 

The following is a case lepoit in 11111011 multiple aneuijsms of the thoiacic 
aoita iieie lesectod while ciiciilation was maint lined with a heterologous aoitic 
csteinal shunt 

CAsr itrpoRT 

L C, No 45055, i G3 yenr old white male cook, was admitted to the Brooklyn Yeterana 
Administration Hospital on Vug 23, 1954, for evaluation of the progressive increase an the 
size of thorauG meur^sms as demonstrated serial chest \ rays 



Fig 2 rig 3 

Pig 2—^Posteroanterior chest film taken in November 1964 vvljich revealed 3 aneurisms 

Fig 3—Left lateral tomogram taken in 1954 shows the aortic pathology in more detail 
as outlined by arrows The fourth aneurysm in the ascending aorta is not visualized 

The aneurysms were first diagnosed m 1949, when the patient presented himself to 
another institution because of a three month history of a productive cough Y ork up revealed 
a mediastinal mass (Fig 1) On exploratory thoracotomj on June 1, 1949, two ancurvsms 
measuring 4 cm and 5 5 cm were found in the descending thoracic aorta Oxjcel was wrapped 
about the aneurisms to stimulate fibrosis and the chest closed The patient's condition was 
fairly satisfactory until Februarj, 1953, when he again was hospitalized for dyspnea, 
orthopnea, cyanosis, and vertigo Diagnoses of a cardiac decompensation secondary to 
myocardial infarction and a spontaneous right pneumothorax were made The svmntoms suit 
sided on a medical regimen 
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On admission to tliis hospital, the patient still had a slight cough and orthopnea. Tliere 
nas no history of syphilitic infection. Physical examination revealed the blood pressure 
to be 112/70, pulse 70. The chest was emphysematous, with basilar wheezes bilaterally. 
Peripheral pulses were adequate. Tomography and chest film (Pigs. 2 and 3) disclosed a 
third aneurysm in the arch of the aorta. 

An exploratory operation was performed on Nov. 4, 1954, through the bed of the left 
ninth rib and the fourth interspace (Fig. 4). The first aneurysm (not seen on x-rays), 2 cm., 
was situated just proximal to the innominate artery; the second, 4 cm., was located just 
distal to the origin of the subclavian artery; the third, 6 cm., was at the level of the pulmonary 
hilus; and the fourth, 10 cm., was within 2 cm. of the diaphragm. The aorta was mobilized. 
Two 25 cm. segments of pig aorta sutured together were made into an external shunt. A 
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Fig. 4 .— 


•Drawing of the approacli to tlie aorta through a long left dorsolateral thoracoabdomi¬ 
nal incision. The fourth interspace and resection of the ninth rib are shown. 



jrj,, 5 Drawing of the aneurysms in the ascending and descending aorta with the 

heterograft shunt sutured into place distally and into the dome of the first aneurysm prox- 
imally. 


cloth-covered Satinsky clamp was placed about the most proximal aneurj'sm, the dome of 
the aneurysm excised, and the proximal limb of the shunt sutured into place. The distal 
limb was sutured into the aorta 2 cm. beyond the distal aneurysm (Fig. 5). In spite of 
its comfortable length (50 cm.), the shunt did not kink and was easily maneuvered into 
any necessary position. The descending thoracic aorta, including the three aneurysms distal 
to the subclavian artery, was resected between clamps and replaced by a 20 cm. reconstituted 
homograft. The shunt was then removed after having maintained adequate hemodynamics 
for two'hours and fifty-five minutes. The patient tolerated the procedure fairly well, r^uming 
a >^nn nr of blood. The vital signs were static except for moderate hypotension with blood 
pressure ranging between 80 and 130, systolic, and occasional dips to 60 and 70, diastolic. 
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The postoperatnc course uas marred by memoij lo^a which largely «iubsi<led after five 
da^s This was thought to be due to anoxia during the operation Aphasia, noted for the 
first few dajs, and subsequent \oiee changes were due to piraljsis of tlie left vocal cord A 
portion of the wound became infected and denied after debridement and socondarj^ closure 
At the time of discharge from the hospital on Feb 11, 1955, the patient was fully active 
Peripheral pulses were present Touiogiaphj revealed the aorta to be unifoim in diameter 
tliroughout (Fig G). Sections of the specimen revealed the aneurisms to be atherosclerotic 

The patient was readmitted on March 15, 1955, because of anorexia, orthopnea, and 
exertional djspnca The blood pressure was 90/70, pulse 110 There were dccieased breath 
sounds in both ba‘«cs Peripheral pulses wore unchanged Chest film (Fig 7) was essentially 
negative Fluoroscopy showed the costal and diaphragmatic movement to be reduced and 
beneath tlie diaphragm was a Urge collection of gas m botli the stomach and large bowd 
The symptoms were thought to he due to 1116*50 findings and they subsided on medical regimen 
It was interesting to note, on this admis-^ion, that theie v\as less pulsation in tlie grafted 
segment than in the host aorta 



6 Fig 7 

tig C—Left lateral tomogram taken three months following resection of multiple aortic 
aneurisms The normal aortic contours are 2 mm posterior to the dotted line 

Fig 7—Four-month postoperatUe posteronnterlor film of chest 

HISIORICAL REVIEW 

The surgical procedures «hich liave been used for the treatment of aoitic 
aneiiiysms can be con%’enientIy divided, according to Cooley and DcBakey, into 
thiee gioups. (1) Tliosc designed to promote thrombosis and oiganization by 
ligation, b 3 ' intioduetion of foieign materia), or bj’ peiiarterial fibroblastic 
leaction (2) Repair of the communication between tlie aorta proper and the 
aneuiysm while tlie aorta is temporarilj’ clamped (restoiative eiido-aneui.ysmoi- 
laplij'). (3) Extirpation of tlie lesion with or without lestoiation of flow 
tluongli the paient \essel. 
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1 . Procedures Which Promoie Thrombosis. —Depending on llie site of liga¬ 
tion relative to the aneurysm, various procedures were designed for sudden 
occlusion of the large arteries as described by Antyllus in the second century"® 
and then by Anel in 1710, Hunter in the 1760’s, and Brasdor in 1798.’® They 
failed, among other reasons, because of ischemia distal to the ligation, secondary 
hemorrhage due to gradual erosion of the suture, and/or recurrence due to 
loosening of the ligature. The first ligation of the aorta was performed by 
Sir Astley Cooper in 1817 for an aneurysm of the left iliac artery. From that 
date until 1920, none of the 18 patients on whom this procedure was done left 
the hospital alive.* Subsequently, survivors were reported but the patients suf¬ 
fered from paralysis or weakness of the lower extremities and/or cardiac de¬ 
compensation.*"* These symptoms sub.sidcd when the ligature loosened, which 
was usually the ease. 

In order to decrease the morbidity and mortality of sudden occlusion of the 
aorta, methods of gradual occlusion were suggested so as to stimulate the forma¬ 
tion of collaterals and pennit the heai-t to become ad,iusted to the increased 
peripheral resistance. These procedures, generally unsatisfactory, varied from 
occlusion by pressure through the skin to directly applied clamps, ligatures, 
rubber drains, metal bands, fascia, rubber bands, homologous aortic strips, and 
intraluminal fascial plugs."® Partial aortic occlusion by plication,®’ and in¬ 
complete ligature®®’ ®® also met with fatal results as, in each group, there was 
damage to the adjacent tissues, infection, and/or hemorrhage. 

This failure gave rise to the idea of wrapping the aneurysms with an agent 
that Avould stimulate fibrosis without any immediate partial occlusion. It was 
presumed that the gradual process of fibroplasia would provide adequate sup¬ 
port to the aneurysmal wall. Following Page’s® lead that polyethylene pre¬ 
pared by DuPont had such propei'ties, Pearse" succeeded in producing con- 
.strietion of the aorta. Cowley and Yeager®’ ’® found the active agent to be 
dicetyl phosphate. Other investigators®’ ’*’ *®’ ®®’ ®® along with Cowley and 
Yeager used this method without uniform success and found that mobilization 
of the aorta may lead to rupture and that the Avrapping may compromise the 
blood supply of the sac wall. Vargas and Dieterling’s” method of supporting 
aneurysms with a nylon net met Avith similar results. 

The third method*’ of producing fibrosis of the ancuiysm was introduced 
by Moore in 1865 Avho inserted silver Avire into thoracic aneurysms to stimulate 
clotting. In 1879, Carradi passed a galvanic current through similarly placed 
Avires. Blakemore®® revived this method and found that of 63 patients Avith 
syphilitic aneurysms so treated, 34 survived an average of 2.4 years, Avhile 
12 died in the hospital. When he’ added partial occlusion of the proximal aorta 
Avith dieetyl phosphate-coated rubber bands, he noted that too rapid occlusion 
caused claudication in the loAver extremities Avhile inadequate constriction re¬ 
sulted in an increased strain (nozzle effect) on the aneurysm Avith rupture. 

2. Endo-aneurysmorrhaphy. — The principle of endo-aneurysmorrhaphy 
Avith restoration of the lumen of large arteries, as introduced by Matas’’ ®’ in 
1888 , offered the most physiologic approach to the problem up to that time. 
Bigger* reported the first successful application of the method in the treatment 



V'olumc 31 
Number 3 


SHUNTS IN SURGERY OF THORACIC AORTA 


257 


of an aneui-ysm of the abdominal aorta in a patient in whom an aoi’tio ligature 
loosened. A similar procedure was used to repair aneuiysms of the innominate 
artery*® and vena cava-abdominal aorta fistulas.*”- ”” Lane and Pierce*® success¬ 
fully combined endo-aneurysymorrhaphy \vith polyethylene wrapping for an 
aneurysm of the innominate artery. Woods and Kenney”* modified this proce¬ 
dure and treated a small aortic aneurysm by infolding the sac and tamponading 
it against the approximated edges of the defect. 

Saccular aneurysms of the aorta lent themselves easily to another modifica¬ 
tion of this procedure whereby the neck of the sae is clamped and the aortic 
defect sutured. This has been done unsuccessfully by Tuffier”” in 1902, and 
Kummel”® and Kerstorsky,”® and successfully by Monod”* in 1947 and subse- 
quontlj’ by others.”- ”®- ”* The importance of excision of the sac to prevent 

its necrosis and infection was emphasized by Tuffier,”” Cooley and DeBakey,” 
Bahnson,”” Lam and Aram,”® and Freeman and Leeds.”* 

3. Excision of Aneurysms .—In dealing with fusiform aneury.sms of the 
aorta, especially above the renal arteries, the previous methods were not always 
effective or desirable. If this patliology is present, a section of aorta has to be 
resected and replaced by a graft or prosthesis. Excisioii of aneurysms of the 
innominate, subclavian, and carotid arteries ivitli ligation of the parent vessel 
has been described.”- *”'*”- ”® Alexander and Bryon”® were the first to report 
such a procedure on the aorta. In their case, the aorta was ligated just distal 
to the left subclavian artery and a section of aorta containing a coarctation and 
an aneurysm was resected. The postoperative course was stoimy leaving the 
patient with residual wealmcss even though collaterals wore developed. Follow¬ 
ing Crafoord’s report’” that the aorta could be safely cross clamped for 27 
minutes while operating for patent ductus (but with damage to the spinal cord 
after 48 minutes'”), coarctations of the aorta were resected and the aorta re-anas¬ 
tomosed or grafted.””'®”- Neurological sequelae and fatalities were re¬ 

ported in some cases. One cause of several fatalities®”- and possibly an¬ 
other®” in this latter group, de.spite the presence of well-developed collaterals, 
was sudden release of the clamp occluding the aorta. A similar sequel was the 
result of releasing the occluding clamp, after resecting an abdominal aneurj-sm®” 
and, possibly, after resection of thoracic aneurysms.®* 

In the absence of adequate collaterals, success or failure of excision of aortic 
aneurysms with homografting depends on the length of time the aorta is oc¬ 
cluded. In 1951, Dubost and co-workers®” reported the successful excision of an 
abdominal aortic aneurj-sm and grafting in 1 case. Subsequently, DeBakey and 
Cooley®” clamped the abdominal aorta for 48 to 102 minutes while abdominal 
aneurysms were resected and the aorta grafted, with one fatality after 105 
minutes’ occlusion. This was followed by their report®* of the same method 
for thoracic aneurysms. The aorta was clamped for up to 45 minutes success¬ 
fully in 1 case, but with residual weakness of the lower extremities in another 
and with a failure in a ease after 77 minutes’ occlusion. Hypothennia enabled 
them to extend occlusion to 62 minutes in a thoracic aneurysm, but there was one- 
death after 53 minutes’ occlusion. Under normothermia, Bahnson””- *” occluded 
the aorta just distal to the subclavian artery- for 20 minutes without sequelae. 
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but clamping just proximal to the left carotid arteiy had to be discontinued 
after 7 minutes because of hypotension and cardiac irregularity. Further ex¬ 
perimental evidence^^"^® revealed that hypothermia lengthened the time that 
the aoita may be totally occluded but the incidence of complications remained 
considerable. Investigators have attempted to preserve normal dynamics of 
circulation in order to avoid the shortcomings of the previously described meth¬ 
ods of treatment. This has been accomplished in two ways. In the first, a 
graft or prosthesis is threaded over a rigid tube that serves as a temporary 
intraluminal shunt. As early as 1894, Abbe,^® and Carrel,in 1910, pioneered 
this method when they placed tubes of paraffined rubber, glass, aluminum, and 
gold plate into major arteries of experimental animals. These tubes functioned 
as temporaiy conduits even though they eventually thrombosed. Lately, Huf- 
nageF^ and others= 2 -=s successfully used methyl methacrylate, polyethylene, and 
siliconized stainless steel tubes as intraluminal shunts for aortic resection and 
grafting in animals. Johnson, Kirby, and Lehr,=^‘ and Lam and Aram-® applied 
this principle in excising thoracic aneurysms while the aorta was clamped for 
6 to 8 minutes and 15 to 24 minutes, respectively. The latter’s patient had 
residual weakness in the lower extremities and a temporai-y neurogenic bladder, 
postoperatively. 

The second method employs the use of lateral or exclusion shunts whereby 
the blood flow is never completely interrupted even though the pathologic section 
of the aorta is completely isolated eventually. CarreF" was again a pioneer in 
attempting the aorta-aortic shunts and shunts from left ventricle to the aorta 
experimentally. His results were poor. Freeman and Leeds^^ were able to 
resect aneurysms of the abdominal aorta after shunting the blood flow by way 
of a splenic artery-internal iliac artery anastomosis. Clatworthy and Varco,®® 
and Clatworthy, Sako, Chisholm, and Culmer®® showed marked improvement in 
mortality and morbidity rates as compared to those in controls when siliconized 
polyethylene tubes with a maximal diameter of 0.085 inch were used as external 
shunts experimentally. Schafer and Hardin,®” and Hardin, Batchelder, and 
Schafer®^ similarly had good results in animal experiments. The same authors,®® 
however, had two fatalities on attempting to resect an aneurj’-sm of the aortic 
arch and one of the abdominal aorta, respectively. The method was successful 
in treating a vena cava-abdominal aorta aneurysm. These authors noted that 
partial occlusion of the inferior vena cava limited the proximal hypertension 
and cardiac load by limiting the cardiac input. Izant, Hubay and Holden®^’ ®® 
were able to shunt 80 per cent of the aortic flow through a large polyethylene 
tube experimentally. The shunt was fixed to the aorta by two double-lumen, 
double-flanged, stainless steel tubes. Mahorner and Spencer®'* used the homo¬ 
graft itself as an external shunt in treating an aneurysm of the innominate 
artery. The aneurysm was ligated proximally and distally at the first procedure 
as well and excised at a later date. Cross, Kay, and Jones,®® and Donovan®® 
have reported experimental results in shunting the left ventricle by way of the 
auricle to the aorta and the pulmonary conus to the pulmonary artery by way 
of Tygon tubing with good results suggesting its use for surgery on the valves 
and proximal great vessels. Stranahan, Alley, Sewell, and Kausel®^ presented a 
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method of shunting anj poition of the aorta, including the aieh, mth the use 
of a miiltilimhed Tygon tiihnig fixed to the pioximal and distal aoita with 
heteiogiafts and to the innominate aiteix with a cannula, the patient died in 
the opeiatmg loom fioni henioiiliage due to a concomitant pneiimoncctomi 
Tho\ siiccesstulh excised an aiieiirj'-ni ot the descending thoiacic aoita in 
anothci case ivithin 3 hoiiis and 20 minutes using a two limbed shunt 
SatinsKi, Neptune, and Alai“® suggested a method ot shiintnig the aich of the 
aoita with the homograft that is to be its icplaecment 

As a eoiollari to the use ot external shunt, it has been shown expeiimentalh 
that the fiow of hlood tliioiigh these external shunts can be iiicieased'’’ if the 
shunt IS passed thioiigh a pump oi maintained ’ if the heait is intentionally 
fihiillated for nitiaeaidiao surgerj 


DISCUSSION 

Theie have heen iiumcious lepoits in the leceut liteiatiiie conceining the 
exeision ot eoaictation, aneiiiism, and oblitciatixe pioeesses ot the aoita In 
the tieatment of all these diseases, the aoita is clamped eitliei tangcntialh oi 
eiosswisc, which, in the lattei instance, alwajs alteis the hcinod)namics of the 
oireulatoiy sjsteni Tins lesults in, (1) incieased load on the hcait and 
coioiian sjsteiu, (2) lijpeitension pioximal to the clamp, (3) hypotension and 
ischemia distal to the clamp, and (4) occasional ciiculatorj collapse when the 
clamp is removed 

The several methods of minimizing these sequelae include paitial infeiioi 
caval occlusion, mtialuminal and extraluniinal shunts, and lixTiotheimia When 
eonsidoiing the type of procedure to be employed, the type of pathology to be 
lemoi ed and its site ate of piime importauec 

Ohliteratue disease usually occiiis in the distal aorta and eollateials aie 
well deieloped, thereby alleviating the need foi lapid siiigeiy, shunts, and 
hypotheimia Here the main problem encompasses the adequaev of the anas 
tomosis between the homogiaft oi plastic piosthesis and the host vessels which 
aie usually markedly sclerotic and may have been fuitlier weakened by tliiombo 
endarterectomy Collateials are also well developed in coaietation of the 
aoita but, since the occlusion is in the pioximal aorta, the pioblcm is gieater 
especially when the eoaictation is long or associated with poststenotic dilatation 
which necessitates a honiograft with the additional time needed toi two anas 
tomoses lathei than a more simple resection and an end to end repaii Accoid 
ingly. Gross,’' Crafooid,” Stephens and Grimes,” and Glenn and O’Sullivan” 
have all lepoitcd fatalities on attempting to tieat coaictations Neuiologieal 
sequelae have been repoited also 

Aneiiiysms differ from coaictations and obliterative diseases in not causing 
a comparable collateial aiteiial system The problem of anastomosis of the 
giaft to the host aorta in the piesence of atheioselerosis, after lesectioii of an 
aneuiysm, is similai to that in ohliterative disease and has lesiilted in fatal 
itics ’’ ” 

Sacculai aneurysms aie usually found above the lenal aiteiics and aie 
generally due to syphilis If the sac can he mohilized, restorative endo aneu- 
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but elampiugr just proximal to the left carotid artezy had to be discontiuued 
alter / minutes because of hj'potension and cardiac irregularity. Further ex¬ 
perimental evidence^-^® revealed that hypothermia lengthened the time that 
the aorta may be totally occluded but the incidence of complications remained 
considerable. Investigators have attempted to preserve normal djmamics of 
circulation in order to avoid the shortcomings of the previously described meth¬ 
ods of treatment. This has been accomplished in two ways. In the first, a 
giaft or prosthesis is threaded over a rigid tube that serves as a tcmporarj' 
intraluminal shunt. As early as 1894, Abbe,^« and Carrel,in 1910, pioneered 
this method when they placed tubes of paraffined rubber, glass, aluminum, and 
gold plate into major arteries of experimental animals. These tubes functioned 
as temporary conduits even though they eventually thrombosed. Lately, Huf- 
nageP^ and otliers”-=“ successfully used methyl methacrylate, polyethylene, and 
siliconized stainless steel tubes as intraluminal sliunts for aortic resection and 
grafting in animals. Johnson, Kirb 3 % and Lehr/" and Lam and Aram^® applied 
this principle in excising thoracic aneurysms while tlie aorta was clamped for 
6 to S minutes and 15 to 24 minutes, respectively. The latter’s patient had 
residual weakness in the lower extremities and a temporary neurogenic bladder, 
postoperatively. 


The second method employs the use of lateral or exclusion .shunts whereby 
the blood fi:ow is never completely interrupted even though the pathologic section 
of the aorta is completely isolated eventually. CarreL" was again a pioneer in 
attempting the aorta-aortic shunts and shunts from left ventricle to the aorta 
experimentally. His results were poor. Freeman and Leeds""^ were able to 
resect aneurysms of the abdominal aorta after shunting the blood flow by way 
of a splenic arteiy-internal iliac artery anastomosis. Clatworthy and Yarco,'^® 
and Clatworthy, Sako, Chisholm, and Culmer®“ showed marked improvement in 


mortality and morbidity rates as compared to those in controls when .siliconized 
polyethylene tubes with a maximal diameter of 0.085 inch were used as external 
shunts experimentally. Schafer and Hardin,®" and Hardin, Batchelder, and 
Schafer®" similarly had good results in animal experiments. The same authors,®" 
however, had two fatalities on attempting to resect an aneurysm of the aortic 
arch and one of the abdominal aorta, respectively. The method was successful 


in treating a vena eava-abdominal aorta aneuiysm. These authors noted that 
partial occlusion of the inferior vena cava limited the proximal h.niertension 
and cardiac load by limiting the cardiac input. Izant, Hubay and Holden®"- 
were able to shunt 80 per cent of the aortic flow through a large polyethylene 
tube experimentally. The shunt was fixed to the aorta by two double-lumen, 
double-flanged, stainless steel tubes. Mahorner and Spencer®^ used the homo¬ 
graft itself as an external shunt in treating an aneurysm of the innominate 
artery. The aneurysm was ligated proximally and distally at the first procedure 
as well and excised at a later date. Cross, Kay, and Jones,®" and Donovan 
have reported experimental results in shunting the left ventricle by way ot t le 
auricle to the aorta and the pulmonary conus to the pulmonary artery by way 
of Tygon tubing with good results suggesting its use for surgery on the valves 
and proximal great vessels. Stranahan, Alley, Sewell, and Kausel ' presente a 
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mctliocl of shunting ani poition of the aoita, including the aich, with the use 
of a niiiltilimbed Tjgon tubing fixed to the pioxinial and distal aoita uitli 
hetciogiafts and to the iiinominatc aiteiv until a cannula, the patient died in 
the operating room fiom hemoiiliage due to a concomitant pneumonectomi 
Thov successiulh excised an aneuljsni of the descending thoiaeic aoita in 
aiiothoi case uithiii 3 houis and 20 minutes ti&iiig a two limbed shunt 
Satinsln, Neptune, and Alai“ buggcsted a method of shunting the aicli of the 
aorta with the liomogiait that is to be its leplacement 

As a coiollaii to the use of external shunt, it has been shown cxpeiimentalh 
that the flow of blood thioiigh these external shunts can be iiicicased'” if the 
shunt IS passed through a pump oi maintained " if the heart is intontionalh 
fibiillatcd foi intiacardiac surgeij 


DISCUSSION 

Tlieie have been numeioiis leports in the leeent literatiiic concciniiig the 
excision of eoaictatioii, ancuijsm, and obliteiatiie processes ot the aoita In 
the treatment of all these diseases the aoita is clamped eithei tangcntialh oi 
oiosswiso, which, in the lattci instance, alwajs alteis the hemodjuiamics of the 
circulatoii system This lesults in, (1) incicased load on the hcait and 
coronan sxstom, (2) hjpeitension proximal to the clamp, (3) lij potension and 
ischemia distal to the clamp, and (4) occasional oiiciilatorj collopse when the 
clamp IS lemoied 

The seieia! methods of minimizing these sequelae include piitial infeiior 
oaval occlusion, intraluminal and extialnrainal shunts, and hypotlieimia AVhen 
considering the tjpo of procedure to be employed, the type of pathology to be 
lemoied and its site are of piimo importanee 

Obliterative disease usually occurs in the distal aorta and oollatoials aio 
well del eloped, therebj alienating the need for rapid suigcij, shunts and 
hjpotheimia Here the mam problem encompasses the adequaei of the anas 
tomosis between the homograft oi plastic prosthesis and the host lessels which 
aic usiiilli maikedli scleiotic and maj haie been fuithei weakened bj thiombo 
endarterectomy '■’ Collaterals are also well dcieloped in coarctation of the 
aoita but, since the occlusion is m the pioximal aoita, the problem is gieatei 
especially when the coiictation is long or associated with poststenotic dilatation 
which necessitates a homograft with the additional time needed foi two anas 
tomoscs rathei than a more simple resection and an end to end repaii Accoi d 
mgly, Oross,’^ Ciafoord Stephens and Giimes,” and Glenn and O’Sullnan'" 
ha\e all lepoited fatalities on attempting to treat coarctations Ncuiological 
sequelae have been reported also 

Aneurysms differ from coarctations and obliteiatne diseases in not causing 
a comparable collateral arterial system The pioblem of anastomosis of the 
graft to the host aorta in the presence of atheioscleiosis, after resection of an 
ancuiysm, is similar to that in obhtcratirc disease and has lesulted in fatal 
ities 

Saecuhi aneuiysms aie usually found abore the icnal aiteiics and aic 
geneialh due to syphilis If the sac can be mobilired, restorntlrc cndoamii 
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biit clamping just proximal to the left carotid arterj^ had to be discontinued 
after / minutes because of hypotension and cardiac irregularity. Further ex¬ 
perimental evidence«-« revealed that hypothermia lengthened the time that 
the aorta maj'' be totally occluded but the incidence of complications remained 
considerable. Investigators have attempted to preserve normal dynamics of 
circulation in order to avoid the shortcomings of the previously described meth¬ 
ods of treatment. This has been accomplished in two ways. In the first, a 
graft or prosthesis is tlireaded over a rigid tube that serves as a temporary 
intraluminal shunt. As early as 1894, Abbe,« and Carrel,in 1910, pioneered 
this method when they placed tubes of paraffined rubber, glass, aluminum, and 
gold plate into major arteries of experimental animals. These tubes functioned 
as temporary conduits even though they eventually thrombosed. Lately, Huf- 
nageP^ and others®^-®® successfully used methyl methacrylate, polyethylene, and 
siliconized stainless steel tubes as intraluminal shunts for aortic resection and 
grafting in animals. Johnson, Kirby, and Lehr,®' and Lam and Aram=® applied 
this principle in excising thoracic aneurysms while the aorta was clamped for 
6 to S minutes and 15 to 24 minutes, respectively. The latter’s patient had 
residual weakness in the lower cxtj'emities and a temporary neurogenic bladder, 
postoperatively. 

The second method employs the use of lateral or exclusion shunts whereby 
the blood flow is never completely interi’upted even though the pathologic section 
of the aorta is completely isolated eventually. CarreF’ was again a pioneer in 
attempting the aorta-aortic shunts and shunts from left ventricle to the aorta 
experimentally. His results were poor. Freeman and Leeds'^ were able to 
resect aneurysms of the abdominal aorta after shunting the blood flow by way 
of a splenic arteiy-internal iliac artery anastomosis. Clatworthy and Varco,®® 
and Clatworthy, Sako, Chisholm, and Culmer®® showed marked improvement in 
mortality and morbidity rates as compared to those in controls when siliconized 
polyethylene tubes with a maximal diameter of 0.085 inch were used as external 
shunts experimentally. Schafer and Hardin,®® and Hardin, Batchelder, and 
Schafer®^ similarly had good results in animal experiments. The same authors,®® 
however, had two fatalities on attempting to resect an aneurysm of the aortic 
arch and one of the abdominal aorta, respectively. The method was successful 
in treating a vena eava-abdominal aorta aneurysm. These authors noted that 
partial occlusion of the inferior vena cava limited the proximal hj^pertension 
and cardiac load by limiting the cardiac input. Izant, Hubay and Holden®®- ®® 
were able to shunt 80 per cent of the aortic flow through a large polyethjdene 
tube experimentally. The shunt was fixed to the aorta bj^ two double-lumen, 
double-flanged, stainless steel tubes. Mahorner and Spencer®^ used the homo¬ 
graft itself as an external shunt in treating an aneurysm of the innomin te 
artery. The aneurysm was ligated proximally and distally at the first p^ 
as well and excised at a later date. Ci’oss, Kay, and Jones,®" and L 
have reported experimental results in shunting the left ventricle by wa^ 
auricle to the aorta and the pulmonary conus to the pulmonarj^ ar' 
of Tygon tubing with good results .suggesting its use for .sur^ 
and proximal great vessels, Stranahan, Alley, Sewell, and iv 
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shunted, -wliethei by special clamps,®*’ ®‘* heteiogiafts,*' oi fabrics ol adequate 
length and diametei,®^ indicate that at least the blood piessuie changes and 
distal ischemia ma\ be siiccessfullv a\oided 


bUMM \RY 

1 Hesection of lesions liigh in the thoiacic aoita should be done in a 
inannei to a\oid ecicbial h\peitcnsion, left ^ent^culal stiain, and ischemia 
ot distal Mtal oigans 

2 L\ternai shunts ot laigc diametei uill avoid these complications and nia^ 
consist of hotel ologous giatts, tubes, oi tabnes 

3 In a clinical case a heteiologous shunt (pig’s aoita) ^\as used beh\een 
the ascending and abdominal aorta while tom ancuijsms in the ascending and 
descending aoita were successfuh icmoved \ homogiatt was used to leplace 
the descending aoita 
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Discussion 

DE. WILLIAM H. SEWELL, Bethesda, Md.—The technique of using a heterologous 
arterial shunt can also be used when one desires to divide the aorta proximal to the innominate 
artery. It requires at least a three-limb rather than a two-limb shunt. 

(Movie) This is a dog operation which was done together with a group from Albany. 
The shunts we use are the brachiocephalic artery from about 1,200-pound steers. The bovine 
species have only one major branch coming from the aortic arch and this gives rise to both 
subclavians and both carotids. The brachiocephalic artery is removed from the donor animal 
very near the arch. One of the branches is sutured to the ascending aorta, and tlie second 
to the descending. The third can go to the brachiocephalic artery in the case of the dog 
which has only two branches from its arch. In the case of the human, the remaining two can 
be used for the innominate and the left carotid arteries. 

Here we see the shunt in action. The limb is sutured to the ascending aorta of the dog; 
this one is to the descending aorta, and here is a polyethylene cannula connecting into the 
brachiocephalic artery of the dog. These bovine shunts, like the pig ones, pulsate nicely, and 
as Dr. Alley has previously reported, the major advantage is the adsorption of the systolic 
thrust from the proximal aorta. Blood can be stored in the shunt during systole and returned 
during diastole. The shunt in this case has been sutured to the aorta by end-to-sidc anas¬ 
tomosis exactly as in the film you just saw. 

These vessels are about the size of one’s middle finger, and we believe they are large 
enough both for the dog and for human beings. If a larger one is desired, a larger donor 
could be obtained. 

The procedure is difiScult and rather dangerous, but we believe it has a very definite 
place in surgery of this part of the aorta. The extra time required for implanting and 
removing the shunt is often repaid by the greater safety provided. 

DE. FEEDEBIOK S. CEOSS, Cleveland, Ohio.—Several criticisms may be directed at 
the use of artificial shunts to by-pass segments of thoracic aorta during aortic resection. 
Plastic shunts of sufficient caliber are difficult to insert and are rigid, making them unwieldy 
and in the way during surgery. In the case of homologous or heterologous blood vessel shunts, 
at least two extra anastomoses are required, and there is the necessity of repairing the vessels 
following the removal of the shunts. 

(slide) In order to get around some of these objections through the use of small-caliber 
flexible plastic tubing, we have placed a Sigmamotor pump in the circuit to obtain the flow 
rates desired. In by-passing the descending thoracic aorta, blood is picked up from the left 
subclavian artery as shown and returned to the descending aorta or into the femoral artery. 

(slide) The next slide illustrates how the pressures can be regulated above and below 
the by-passed aortic segment. By increasing the pump rate it is seen that the aortic arch 
pressures are lowered and the abdominal aortic pressures are raised. It is possible, then, to 
select and maintain the pressure one wants to carry in the aortic arch region and to avoid 
extreme degrees of h 3 q)ertension in this area. 

(slide) The most difficult problem associated with the resection of the aorta is that of 
resecting the arch region. A year ago we presented work before this Association utilizing a 
rigid plastic shunt from the left ventricle to the aorta. It works fairly well but, unfortunately, 
is not the final answer because in order to get adequate flow rates and to prevent hypertension 
in the left ventricle it is necessary to use a fairly large caliber tube (at least one-half of the 
diameter of the ascending aorta). 

(slide) A more satisfactory technique is to utilize the Sigmamotor pump with small 
tubing, taking blood directly from the left ventricle and returning it to the innominate and 
carotid arteries and to the descending aorta. In this manner, the arch can be completely 
by-passed. It is probably simpler, however, to return the blood only to the descending aorta 
or femoral artery, suturing the graft in a retrograde manner, first making an end-to-side 
anastomosis between the graft and descending aorta, then between the graft and the vessels 
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in the arcli, and finallj between the graft and the aseinding aorta In tins manner, the 
ascending aorta need be damped onlj during the final anastomosis and blood flow to the 
Mtal centers is maintained throughout the insertion of the graft 

DR HENRY T BAHNSON, Baltimore, Md —I should like to compliment Dr Cliamber 
lain and his group for a beautiful combination of surgical skill, modern cinematographic 
technique, comparative anatomj, and the transportation system of the Eastern seaboard 

Any procedure, howe^er, which requires ten hours at the hands of Dr Chamberlain, I am 
sure will require considerably longer than that at mine and at the hands of many others, and 
I would 111 e to show simply a tcelinique used in a patient which solved some of our overtime 
hours The patient had an ancurjsm on the aortic arch Tlie sizable aneurjsm and clot cm 
be seen as well as the lumen filled with contrast material This specimen is demonstrated 
here in the best Houston fashion 

(slide) This shows the operative procedure We simply put our definitive shunt in, as 
described by Maborner and Spencer, instead of using a heterograft This was anastomosed 
to the proximal aorta and the distal end was anastomosed to the distal aorta We initiallj 
planned to anastomose the \anou3 vessels of the ar-'li to the head vessels, but found after 
the shunt w is in place and after dissection of the aneur}sm liad begun, that we were able to 
place a clamp across the lower side of t!ie aortic arch and preserve a tongue of aorta from 
wlucli the cerebral and brachial vessels arose The obiious disadvantage of this type of 
procedure is that more graft tissue is left m place than is normally required, m fact, this 
has led to considerable eluding by one of my aneurysmal friends concerning a patient in 
wliora a thoracic aneurysm was so large that wc had to sew two thoracic aortic grafts together 
to bridge it The e'^tra graft, however, that was required in this individual in order to get 
around the aneurysm has caused no embarrassment to the patient and he is well now some 
two months following tlio procedure 

DR CLARENCE CRAFOORD, Stockholm, Sweden—Dr Chamberlain raised one point 
of interest and importance, that was the release of the clamps in cross clamping the aorta 
In close to 200 patients witli aortic resections, we have not experienced any complications 
in spite of the fact that we ha\e never taken any precaution whatsoever to release the clamps 
slowly 

We have, also, between 30 and 40 cases of patent ductus where the cross clamps below 
and above the ductus were in for periods of up to between 15 and 30 minutes and, even in 
those cases, we have not seen any blood pressure variations of any consequence after quick 
release of the clamps I have had no experience with cross clamping of the aorta when there 
18 no collateral circulation for longer than a period of up to half an hour The reports that 
Ime come from this country, and from other places as well, on the danger in releasing cro^s 
clamps very rapidly, I believe must be due to something other than the cross clamping itself 
I believe that the deleterious effect asenbed to the quick release of the clamps is due to 
the fact that the patient has not been under good anesthesia and good ventilation during the 
time of operation The type of ventilation that I see in many places is not often adequate 
If arterial blood samples had been taken from patients m whom circulatory complications 
arose after rapid release of cross clamps, I am certain one would have found astonishingly 
high carbon dioxide tensions and acidosis, and probably also low oxygen tension such as 
we have been able to show when we have experimentally used the type of ventilation most 
often used, something that Dr Gibbon and his group now have shown so beautifully 

Dr I D DODRILL, Detroit, Mich —If one is to use a by pass for the thoracic aorta, 
one will occasionally encounter an aneniy sm which is low dovm in the thoracic aorta near the 
diapliragm and, in order to by pass it, one must go lower m the arterial system. 

(slide) This IS a wny of bypassing the thoracic aorta in which one removes the blood 
from the left subclavian artery, parses it out through the pump, and puts it back in the 
femoral artery in a retrograde manner A tube by pass from the subclavian to the femoral 
arteries had been done before This is not original with me "We liave earned out expen 
mental work m which we measured the pressure m the lower segment and the upper seg 
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Discussion 

DB. WILLIAM H. SEWELL, Bethesda, Md.—The technique of using a heterologous 
arterial shunt can also be used when one desires to divide the aorta proximal to the innominate 
artery. It requires at least a three-limb rather than a two-limb shunt. 

(Movie) This is a dog operation which was done together with a group from Albany. 
The shunts we use are the brachiocephalic artery from about 1,200-pound steers. The bovine 
species have only one major branch coming from the aortic arch and this gives rise to both 
subelavians and both carotids. The brachiocephalic artery is removed from the donor animal 
very near the arch. One of the branches is sutured to the ascending aorta, and the second 
to the descending. The third can go to the brachiocephalic artery in the case of the dog 
which has only two branches from its arch. In the case of the human, the remaining two can 
be used for the innominate and the left carotid arteries. 

Here we see the shunt in action. The limb is sutured to the ascending aorta of the dog; 
this one is to the descending aorta, and here is a polyethylene cannula connecting into the 
brachiocephalic artery of the dog. These bovine shunts, like the pig ones, pulsate nicely, and 
as Dr. Alley has previously reported, the major advantage is the adsorption of the systolic 
thrust from the pro.vimal aorta. Blood can be stored in the shunt during systole and returned 
during diastole. The shunt in this case has been, sutured to the aorta by end-to-sidc anas¬ 
tomosis exactly as in the film you just saw. 

These vessels are about the size of one’s middle finger, and we believe they are large 
enough both for the dog and for human beings. If a larger one is desired, a larger donor 
could be obtained. 

The procedure is difficult and rather dangerous, but we believe it has a very definite 
place in surgerj’ of this part of the aorta. The extra time required for implanting and 
removing the shunt is often repaid by the greater safety provided. 

DR. FREDERICK S. CROSS, Cleveland, Ohio.—Several criticisms may be directed at 
the use of artificial shunts to by-pass segments of thoracic aorta during aortic resection. 
Plastic shunts of sufficient caliber are difficult to insert and are rigid, making them unwieldy 
and in the way during surgery. In the case of homologous or heterologous blood vessel shunts, 
at least two extra anastomoses are required, and there is the necessity of repairing the vessels 
following the removal of the shunts. 

(slide) In order to get around some of these objections through the use of small-caiiber 
flexible plastic tubing, we have placed a Sigmamotor pump in the circuit to obtain the flow 
rates desired. In by-passing tlie descending thoracic aorta, blood is picked up from the left 
subclavian artery as shov;n and returned to the descending aorta or into the femoral artery. 

(slide) The next slide illustrates how the pressures can be regulated above and below 
the by-passed aortic segment. By increasing the pump rate it is seen that the aortic arch 
pressures are lowered and the abdominal aortic pressures are raised. It is possible, then, to 
select and maintain the pressure one wants to carry in the aortic arch region and to avoid 
extreme degrees of hypertension in this area. 

(slide) The most difficult problem associated %vitli the resection of the aorta is that of 
resecting the arch region. A year ago we presented work before this Association utilizing a 
rigid plastic shunt from the left ventricle to the aorta. It works fairly well but, unfortunately, 
is not the final answer because in order to get adequate flow rates and to prevent hypertension 
in the left ventricle it is necessary to use a fairly large caliber tube (at least one-half of the 
diameter of the ascending aorta). 

(slide) A more satisfactory technique is to utilize the Sigmamotor pump with small 
tubiug, taking blood directly from the left ventricle and returning it to the innominate and 
carotid arteries and to the descending aorta. In this manner, the arch can be completely 
by-passed. It is probably simpler, however, to return the blood only to the descending aorta 
or femoral artery, suturing the graft in a retrograde manner, first making an end-to-sido 
anastomosis between the graft and descending aorta, then between the graft and the vessels 
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in the nrcli, find finnll} between the graft and tlio aactndmg aorta In tins raanner, the 
ascending aorta need be clamped onlj during the final cinastomo''is and blood flow to the 
vital centers is maintained throughout tlie insertion of the graft 

DB HENRY T BAIINSON, Baltimore, Md—I should like to compliment Dr Chamber 
lain and lus group for a beautiful combination of surgical skill modern cinematographic 
technique, comparitive anatom}, and the transportation «i}stem of the Eastein seaboard 

Any procedure, however, which requires ten hour<i at the hands ot Dr Chamberlain, I am 
sure will require considcrabl} longer than that at mine and at the hands of many others, and 
I would like to show simply a technique used in a patient which solved some of our overtime 
hours The patient had an aneurysm on the aortic arch The sizable aneurysm and clot c m 
be seen as well ns the lumen filled with contrast material This specimen is demonstrated 
iiere in the best Houston fashion 

(slide) This shows the operative procedure Wc simplj put our definitive shunt in, as 
dc'senbed b} Mahorner and Spencer, instead of using a Jietcrograft This was anastomosed 
to the proximal aorta and the distal end was anastomosed to the distal aorta We imtiallj 
planned to anastomose the Tarious ■vc^'scls of the nr**!! to the head vessels, but found after 
the shunt was in place and after dissection of the aneurism had begun, that we were able to 
place a clamp across the lower side of the aortic arch and preserve a tongue of aorta from 
which the cerebral and brachial vessels arose The obvious disadvantage of tins type of 
procedure is tint more graft tissue is left in place than is normally required, in fact, this 
lias led to considerable eluding b} one of mj aneurjsmal friends concerning a patient in 
whom a thoracic aneurjsm was so large that vve had to sew two thoracic aortic grafts together 
to bridge it The extra graft, however, that wras required in this individual in order to get 
around the aneurysm has caused no embarrassment to the patient and he is well now some 
two months following the procedure 

DR CLARENCE CRAFOORD, Stockholm, Sweden—Dr Chamberlain raided one point 
of interest and importance, that was the release of the clamps in cross clamping the aorta 
lu close to 200 patients with aortic resections, we have not experienced any complications 
la spite of the fact that we have never taken any precaution whatsoever to release the clamps 
slowly 

We have, also, between 30 and 40 cases of patent ductus where the cross clamps below 
and above the ductus were m for periods of up to between 15 and 30 minutes and, even in 
those cases, we have not seen any blood pressure variations of any consequence after quick 
release of the clamps I have had no experience with cross clamping of the aorta when there 
IS no collateral circulation for longer than a period of up to half an hour The reports that 
linve come from this country, and from other places as vvell, on the danger in releasing cross 
climps very rapidly, I believe roust be due to something other than the cross clamping itself 
I believe that the deleterious effect ascribed to the quick release of the clamps is due to 
llie fact that the patient has not been under good anesthesia and good ventilation during the 
tune of operation The type of ventilation that I see in many places is not often adequate 
If arterial blood samples had been taken from patients in whom circulatory complications 
arose after rapid release of cross clamps, I am certain one would have found astonishingly 
liJgh carbon dioxide tensions and acidosis, and probably also low oxygen tension such as 
we have been able to show when we have experimentally used the tyrpe of ventilation most 
often used, something that Dr Gibbon and his group now have shown so beautifully 

dr D B DODRILL, Detroit, Mich—If one is to use n by pass for the thoracic aorta, 
one will occasionally encounter an aneurysm which is low down m the thoracic aorta near tlic 
diaphragm and, in order to by pass it, one roust go lower in the arterial system 

(slide) This is a way of by passing the thoracic aorta in which one removes the blood 
from the left subclavian artery, passes it out through the pump, and puts it back in the 
femoral artery in a retrograde manner A tube by pass from the subclaiian to tlie femoral 
arteries had been done before This is not original with me lie have earned out expen 
mental work in winch we measured the pre-^sure m the lower segment and the upper segment. 
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botli, witli a simple tube by-pass aucT with a pump exerting some force on the blood of the 
lower segment. With a simple tube by-pa.«s, with a cannula as largo as will go in the sub- 
cla\ian, and as large as will go in the femoral, the pressures are very low' in the lower aortic 
segment and we found that a pressure of 40 to 45 mm. Hg was about as high as it would go. 
If one exerts pumping action on the blood, one can raise the pressure in the lower segment 
to that of the upper segment so that hemodynamieally the animal is then in a good physiologic 
state. There are obvious disadvantages to this method; one is, that if one pumps blood for 
very long one must use some heparin. This is not a serious objection. The more serious 
objection is that in most patients, especially if one is dealing with a sclerotic aneurysm, 
there is also plaque formation in the femoral artery and one would not wish to do this type 
of procedure. However, if the femoral artery is reasonably liealthy and does not contain 
plaques, one can cannulate it in a retrograde manner and resuture it without serious difficulty. 

DR. J. D. ERYFOGLE, Detroit, Mich.—I w'ould like to tell you about a method of 
arterial anastomosis that is new, is safe, is simple, and avoids complicated shunts and 
hypothermia. 

(slide) We arc looking at tw'iu pieces of stainless steel that are held together by a 
simple polythene plastic ring. With the use of these little vessel couples, as we call them, 
we are able to place anywhere in the arterial tree a free graft w’ith a minimum of time, a 
minimum of effort both for the patient and for the surgeon, and to establish a good flow 
of blood. This is also pertinent to the subject. 

(slide) This is how it is done. The couple looks like the upper picture and is held 
together bj' the plastic ring. You pull the graft to be placed through the little steel device, 
cuff it as you would a Blakemore tube and tie it at the end if you desire to hold it in 
place. Merely insert it as you would the Blakemore tube and put a single suture around it. 
Having made the suture tie at this point, there is then a free flow of blood. It takes 
approximately 45 seconds, with a team that is practiced, to re-establish circulation through 
a single couple. Tlie surgeon can then sew at his leisure. It is a little difficult to demonstrate 
and I wish I had time to present the movies, but you sew in this groove, which can be 
readily felt through tw'O thicknesses of vessel wall, and it is a simple suture that gives pretty 
good closure. It may be necessary to put in a few inteiTupted sutures when you are through. 
At the conclusion of the suture, cut the tie, cut the plastic ring, the whole couple comes apart 
and an intima-to-intima sutured anastomosis is complete. 

The first couple was devised by Dr. Walter Stenborg in 1951 and was an attempt to 
bridge arterial grafts rvith venous segments. It did not work because of suturing difficulty. 
When arterial transplants became available, 1 redesigned the couple, made raises in it 
instead of grooves and it has worked satisfactorily in our laboratory. 

(slide) These are little things you can do. You can take these little segments of tlie 
aortic arch and have blood flowing through a coarctation specimen in this length of time. 
You can take the typical Leriche syndrome and have blood flowing in three minutes and live 
seconds. This is a more complicated situation and I have found out many things while 
attempting this anastomosis. There are different sizes and takeoffs in the renal vessels, and 
it is very difficult to get an approach that is satisfactory in order to make this anastomosis. 

(slide) Here is the subject we are talking about and this is the time it takes to get 
blood flowing to the brain. Actually, all the couples are not inserted at one time. You make 
this one (aortic) and this one (innominate) and put a clamp across the graft so that the 
blood is flowing somewhere under three minutes. Move over and put the next couple (carotid) 
in and there is a total blood supply to the brain under this stated time because you still 
allow 45 seconds for this (distal aorta). 

(slide) This is the most important slide of the presentation because it covers the three 
vantage points you must see. When you have an aneurysmal dilatation do not fuss with it; 
you do not want to W'ork over a bump. Once the clamp is put down you can split the sac 
lengthwise and cut the vessel ends, leaving room for the couples. Be very careful to cut 
about two-thirds of the way around. This immediately accomplishes three things. It gets 
rid of the mass, there is room to work and to put the graft in place. Second, it does no 
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nllow the %c<5'*cls to retr^ict nu'iy from jou, so there is no trouble mensuring the length of 
the gr'ift, the graft is alrcath prepared and e>erything is rcaclj to move by the time the 
initial clamping is made This fits lu vrith a simple tie around here and the blood is flowing 
somewhere (in this particular case) m a little over two minutes 

(slide) This is a dog in which I put a graft some three months ago but I was worried 
because I had never seen suture lines after that length of time This is a suture line which is 
beautifulh epithelizod ^\e put a tliird aorta in this dog and he is still well and liappj 

DR CH VjMBERLAIN (Closing) I feel a little bit like the Southern surgeon who 
reported 500 causes of thjroid disease before one of his societies and n second surgeon reported 
1,000, and a third surgeon repoitcd 2000 In lus closing direussion no said, “Well, I’m glad 
to liave provided the can opener for this picmc’’* , 

I would like to add one thing Dr Crafoord referred to sudden removal of the cl imp 
in coarctations and, m nn opening statement, I mentioned that there was collateral circula 
tion in thc^e ca'^es and I feel quite sure it is relativclj safe to release the clamp suddenly in 
accordance with lus re ommcndvtion of several v<-ars ago In joung normal dogs, however 
there is little collateral circulation In them if we elamp the aorta just distal to the dog s 
left innominate arterj for an hour and then suddenly relea‘>e it the pressure falls drimatieallj 
to almost zerc and comes back vorj slowly, so that sometimes it is half an hour before the 
bloo 1 I ressure returns to about 80 or 00 In old dogs, if we clamp the aortas in a similar 
vva) and then siiddenlj release the clamp, vve have some of them go immediate!) into arrest 
or ventricular fibrillation and die I do not know that the e\'pIanation I liave given you is 
the entire e\planation and, with Professor Crafoord I must admit that there arc probablj 
other factors, but I believe m the absence of collateral circulation sudden release of the clamp 
18 a hazardous procedure 

Dr Frvfoglo has a verj nice solution to this pioblcra and I nni lool ing forward to 
following his work If he can clamp the ascending aorti, especiallj lu old patients for 
three or four minutes succcssfull) then lus solution is superior to the sliunt tcolmique 
Certainlj clamping the ascending aorta and dividing it as we have done in the dog laboratorj 
when we had another objective in mind, was disastrous in a liuge majority of the dogs an 
whom the circulation was stopped foi more than four to si\ minutes Anjono who lias Jiad 
occasion to clamp the ascending aorta knows the dramatic response of the left ventricle 
to the sudden terrific head pro sure 

I Wish to thank all the discussers for their eonfributions 
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Table II. Clinical Data and Hemodynamic Variables Studied Before, During and After 


;e 

AGE 

(years) 

SEX 

1 BEFORE OPERATION 

DURING OPERATION PRESSURE 
(MM. HG) 

PRESSURE 
(MM. HG) 

NET SHUNT 

L-TO-R 

PER CENT 
PULMO¬ 
NARY 

FLOW 

SHUNT 

R-TO-U 

DEMON- 

STRATED|| 

BEFORE CLOSURE 

1 AFTER CLOSURE 

PULMO¬ 

NARY 

ARTERY 

RADIAL 

ARTERY 

PULMO¬ 

NARY 

ARTERY 

radial 

artery 

PULMO¬ 

NARY 

ARTERY 

RADIAL 

artery 

iOa/45 70 112/72 120/78 82/46 148/98 

F 94/63 111/54 65 +++ 100/75 102/65 50/3511 93/707 


24 

P 

65/41 

110/57 

64 






46 

P 

62/38 

176/58 

60 






5 

P 

68/42 

97/47 

59 






59 

P 

62/30 

134/63 

57 






12 

jM 

106/68 

168/63 

57 

+++ 

113/73 

163/94 

120/86 

158/82 

" 5 

M 

90/53 

121/52 

53 

+++ 



42 

P 

67/34 

272/119 

40 






28 

P 

82/53 

132/63 

37 






21 

M 

105/78 

110/70 

37 

+++ 





59 

M 

84/47) 

90/60 

36 

+++ 





7 

P 

87/50 

111/65 

34 






25 

P 

112/66 

160/74 

32 






27 

M 

61/41 

182/70 

27 






2% mo. 

M 

69/37t 

73/35 

23 


75/45 

80/40$ 

60/35 

108/55$ 

16 mo. 

P 

118/69) 

112/65 

10 


95/40 

112/47 

71/22 

135/72 

35 

P 

109/73 

115/74 

8 

+++ 


17. 

P 

130/80 

133/75 

5 

+++ 





35 

M 

130/85 

133/80 

5 

+++ 






M 

106/76) 

100/69 

<5 

+++ 

109/73 

92/66 

131/83 

79/49 

3 

M 

90/60) 

120/70$ 




4% 

M 

86/70) 

95/57 


+++ 





> 19 mo. 

P 

131/70) 

108/62 

0 

+++ 





9 

M 

71/62) 

94/70 







45 

P 

143/78 

140/69 

0 

+++ 





21 

P 

101/62 

105/67 

0 

+++ 





7 mo. 

P 

74/43) 

107/32 



85/60 

90/70 

67/43 

110/85 

24 

P 

104/62 

127/68 

0 

+++ 



4 

M 

89/10)) 









♦Aortic-pulmonary septal defect. 
tStudied under anesthesia. 

JKight ventricular pressure. 

§Aortic pressure. 

||Rlght-to-left shunts undoubtedly were present at some time in other patients but wore either not 
sent at catheterization or were not demonstrated. 

^Pressures recorded after profuse hemorrhage. 

the varying opinions that have been expressed. Tims, it has been stated that 
the presence of pulmonary hypertension is a contraindication to operation, 
that patients who exhibit a right-to-left shunt should not undergo operation, 
and that operation should be undertaken in the presence of a right-to-left shunt 
only if it is less than the left-to-right shunt.^^’ It is hoped that the following 
analysis of data on 30 patients treated .surgically at the Mayo Clinic will shed 
further light on this problem. 


Volume 31 
Number 3 


PATENT DUCTUS ARTERIOSUS 


271 


OrEKATjo’^ IN 30 Cases oi Aoktio Puemonari Communication Mith Pulhonata IIapeptlnsion 


AFT}-r OPFPATION IPESSUPE 
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with digitalis 
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1 
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11 
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88/61 



Veil 

4% 

35/16 
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V ell 

TVj 

38/13 
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"ds 

Veil 

10 

54/10 

129/73 


1 
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4H 

Veil 





1 

V cll 

12 

89/48 

100/74 

Atinl sept'll 

IVi 

Veil, reeanalized 




defect 



sv. 

33/10 
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Veil 






Veil 

latal honiorrliage 




Ventricular 
septal defect 

2y, 
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7y. 

138/SO 

179/94 

21^ 

Rpcanahzcd, died 





% 

Died 

17 

21/-t 

89/02 

Conrctfltion 

314 

V ell 

Died iinniednteh poster 




Coarctation 

Jf 

Veil 

24^ 

00/25f 

110/70 


2« 

8 dsjs 

114 

Veil, reeanalized 

Died suddenly 

Fatal hemorrhage 

Veil 

Died immediately pastor 




Atrial *»eptal 

4% 

Veil 




defect 




ANVLASIS or CVSFS 

Ocneial Considoations —Tivo hundicd aiidseventi one patients Mitli patent 
ductus aiteiiosus and 1 patient nitli an aoitie pulmonaij septal defect lia\o 
nndeigonc opeiation at the Maio Clinic as of Apiil 1,1955 Of the 272 patients, 
45 had an associated pulmonaiA h\pcrtcnsion In 15 cases the picsence of 
puImonaiA Inpertcnsion iias suggested bj clinical and opei.itne findings In 
30 cases, caidiac catheterization cairicd out betoie operation demonstiated a 
SAStohc pulnionan aiteiial picssuic in excess of GO mm Ilg Tins discussion 
Mill be lestrictcd to an aiiahsis of these 30 cases Some patients nitli patent 
ductus arteiiosiis, piilmoinrj lijpcrtension, and right to left shunt seen at the 
Clime bale not been subjected to opeiation and aie not included in this analysis 
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Certain clinical data and liemod 3 Tiamjc variables measured before, during, 
and after operation in these 30 patients are summarized in Table II Tlic 
patients’ ages ranged from 21/2 months to fyf) years, one half of the patients 
being less than 15 ,vears of age. Pour patients had an associated coarctation 
of the aorta, 2 had an atrial septal defect, and 2 had a ventricular septal defect. 
The association of patent ductus arteriosus and coarctation of the aorta may 
pose a somewhat different hemodjmamie problem from that encountered in 
patients with patent ductus arterio.su.s alone. For this reason, these 4 cases 
will not be analyzed in detail but will be pre.scnted in another report.'"'’ 



Pig. 1 .—^Hemodynamic findings in a ca.se of patent ductus arteriosus and pulmonary 
lertension with a bidirectional sliunt (Case 20) Note oxygen saturation of 95 per cent in 
radial arterj' and 91 per cent in tiie femoral artery while the patient was breathing air. 

For purposes of convenience the patients are listed in order of net left- 
to-riglit shunts of decreasing magnitude. These net left-to-right shunts were 
calculated on the bases of pulmonarv and .systemic arterial blood flows. In a 
few cases, suffieient data were not available to calculate the magnitude of the 
shunt. Pulmonary arterial pressure varied from a low of 61 mm. of Hg .s.vstolic 
to a high of 143 mm. Hg, there being 15 patients with systoUe pulmonary 
arterial pressures of less than 90 mm. and 15 patients with pre.ssures of 90 mm. 
or more. 

In 14 of these patients a right-to-left shunt was demonstrated. Unques¬ 
tionably, there were other patients in this .scries who had a riglit-to-left shunt 
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in greater detail later. A seventh patient in whom a reversal of blood flow 
thiongh the ductus was demonstrated preoperatively was shown by recatheteri¬ 
zation seven and one-half months after ligation to have arterialization of the 
blood in the pulmonary artery, indicating reeanalization of the ductus. This 
patient died two years and four months after operation. 

In addition to the occurrence of 7 deaths, certain complications developed 
in this series of patients with patent ductus arteriosus and pulmonary hyper¬ 
tension. Serious hemorrhage from the ductus in 1 patient necessitated prolonged 
cross clamping of the aorta. Eeversal of blood flow througii the ductus was 
demonstrated preoperatively in this patient. The patient survived operation 
but was partially paraplegic as a result of the prolonged period of interruption 
of aortic blood flow. In 3 patients, to 1 of -whom reference has already been 



Before Closure After Closure 


Pulmonory Artery: O • 

Aorta: □ ■ 


Pig. 2.—Immediate effects of closure of ductus on aortic and pulmonary arterial pres- 
! in 7 cases of patent ductus arteriosus with pulmonary hypertension. The cases are 
iped in order of decreasing preoperative systolic pressures in the pulmonary artery. Note 
that in 2 patients (Cases 7 and 21), there was an immediate rise in pulmonary arterial pres¬ 
sure and a fail in aortic pressure and that in the other 5 there was an immediate decrease in 
pulmonary arterial pressure and a rise in aortic pressure. 


made, clo.sure of the ductus was carried out by ligation early in the series. At 
postoperative catheterization, arterialization of the blood in the pulmonary 
arteiy was noted, indicating recanalization of the ductus. 

One patient, aged 59 years, who had a patent ductus arteriosus and pul¬ 
monary hypertension and in whom no right-to-left shunt was demonstrated re¬ 
turned in heart failure six months after division of the ductus. Her symptoms 
were well controlled by adetjuate digitalization. 

Of the 23 surviving patients, then, 1 remains partially paraplegic but in 
excellent status as regards the cardiovascular system, 1 has mild heart failure 
that is well controlled by digitalis, and X has been lost to follow-up. Twenty 
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patients arc well, including 2 patients in whom there is objective evidence of 
reeanalization of the ductus. In 5 of these 20 patients, a right-to-left shunt 
was demonstrated preoperatively. 

Hemodynamic Bmdts .—^Ilemodynaraie studies arc of value in furnishing 
objective evidence of the patient’s response to operative closure of the abnormal 
aortic-pulmonary communication. Such studies were carried out either during 
or after operation in 17 patients (Table II). Pulmonarj' arterial pressure was 
measured on the operating table before and after occlusion of the ductus in 
7 patients (Pig. 2). A fall in pulmonary arterial pressure and a rise in systemic 
pressure were noted in 5 patients. The significance of these findings will be 
discussed subsequently. 

There were 12 patients whose hearts were recathetcrized from four months 
to more than 2 years after operation. A satisfactory drop in pulmonary ar¬ 
terial pressure was observed in 9 cases. In 3 patients previously referred to, 


PREOPERATIVE POSTOPERATIVE 



Fig 3—Sections of photographic record obtained at cardiac catheterization before and 
eight months after closure of a patent ductus arteriosus In a patient \\ith as‘tociate<I pulmonarj’ 
hypertension (Case 1). The pulmonary aiterlal pressure, measured postoperati\oly. is still 
slightly ele\ate<l but there has been a substantial decrease toward normal le\e1s The pre- 
operative pulmonary arterial and postoperatKe radial arterial pressures gi\en In the Illustra¬ 
tion differ slightly from those in Table I but are not inconsistent; tiie pressure lt\els recorded 
m Table I are representati\e of the total study. 


elevated pulmonary arterial pressure pcisistcd in the presence of a recanalized 
duetus (Cases 14, 20, and 25). In all but 2 of the remaining S cases (Cases 
7, and 11), pulmonary arterial pressure returned toward normal range. In 
Cases 7 and 11, there was a drop of about 50 per cent in pulmonary arterial 
pressure, although a rrormal level was not reached. Itr both of the.s'c cases a 
right-to-Icft shunt was demonstrated preoperatively. Such a shunt, however, 
docs not necessarily preclude a striking drop in pulmonary arterial pressure 
practicall.v to normal levels following closure of the abnormal communication. 
Case 8, in which there was an aortic-pulmonary septal defect, is an e.xample, 
the pulmonary arterial pressure droppitrg from 90/53 before operation to 
35/S cleveir months after closure of the abnormal opeiring. A detailed report 
of this case has already been rrrade,^’ 
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The most strildiig drop in pulmonary arterial pressure was demonstrated 
in Case 22; the details of this ease have been reported previously.'*® From a 
preoperative level of 90/60, the pressure in the pulmonary artery fell to 21/7 
seventeen months after division of the dnetns. Portions of the catheterization 
records obtained before and after operation in Case 1 are reproduced in Pig. 3. 
From a preoperative level of 82/42, the pulmonary arterial pressure fell to 
45/15 eight months after division of the ductus. 

In 6 patients it Avas possible to calculate preoperative and postoperative 
total pulmonary arterial and pulmonary arteriolar resistances (Table IV). 


Table It^. Pkeoperath'e axd Postoperative Deter.minwtions of Blood Flow and 
Pelmonakv Vascuijvr Eesistance in Six Cases op Aortic-Pulmonary 

COMMUXICATIOX WITH PdLSIOXARY HYPERTENSION 


CASE 

AGE 

(YE.tKS) 

1 PREOPERATIVE STUDIES 

1 POSTOPERATIVE STUDIES 

R-TO-L 

SHUNT 

DEMON¬ 

STRATED 

BLOOD-FL( 

(L./MI 

PULMO¬ 

NARY 

3AV INDEX 
N./.M.2) 
SYS¬ 
TEMIC 

PULMONARY VAS- 1 
CULAR RESIST¬ 
ANCE* (DYNES 
SEC. CM.-5) 

CARDIAC 

INDEX 

(l./min. 

/M.2) 

PULMONARY VAS¬ 
CULAR RESIST¬ 
ANCE* (DYNES 
SEC. C.M.-5) 

TPK 

1 PAR 1 

1 TPK ) 

P.Ul 

7 

12 

+ 

6.7 

3.0 


620 

3.0 

569 

372 

s 

0 


10,7 

5.0 

630 

520 

3.3 

600 

340 

9 

42 


6.S 

4.1 

860 

630 

3.9 

250 


10 

28 


5.9 

3.7 

481 

380 

5.2 

180 

128 

11 

21 

+ 

2.7 

1.7 

1595 


1.8 

1060 


15 

2" 


2.6 

2.4 

1520 


3.4 

225 



*TPJR, total pulmonary arterial resistance; PAR, pulmonary arteriolar resistance. 


These data emphasize ttvo factors of importance. Cases 7, 8, and 11 serve to 
re-emphasize the fact that the presence of a right-to-left shunt does not 
necessarily indicate a fixed pulmonary vascular resistance and that this resistance 

E y be loAvered after closure of the abnormal pulmonary-aortic communication, 
wering of pulmonary vascular resistance occurred in all 3 patients, although 
Final values were not attained. Case 9 serves to emphasize that age alone 
is not necessarily a factor in determining the response to operation in patients 
with this disease. One of the most striking dinps in total pulmonary resistance 
was exhibited by this 42-year-old Avoman. 

Selection o[ Patients for Operation. —The results among patients in AAdiom 
only a left-to-right shunt Avas demonstrated preoperatively, both as regards 
their immediate response to operation and their long-term progress, leaA'e little 
question concerning their proper management. All such patients should be 
adA'ised to have the ductus closed. 


Table V. Hemodynamics Data on Three Patients With Patent Ductus Arteriosus 
AND Pulmonary HyrERTENSiox Who Died Postoperatia-elat 


case 


AGE 

(YEARS) 


PRESSURE 

(MJI. HG) j 

1 SHUNTS 1 


rULMO- ! 

NARY i 

ARTERY 

KADIAL 
[ .VRTERY 

L-TO-R per i 

CENT PULJIO- 
NARY FI.OW 

1 R-TO-L PER 

1 CENT SYS- 
1 TEJIIC FLOW 

1 TPR* (DYNES 
SEC. CM.-5) 


21 

71 / 

106/76 

100/69 

<5 

26 

49 

143/78 

140/69 

25 

29 

24 

104/62 

127/68 

21 


33 

30 


* Total pulmonary arterial resistance. 


1830 

2140 
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Tilt Kioup ot patients in ivlioin ,i light to htt shunt has been donionstiated 
poses a iiioio difficult piobleiii Because it mat piovidt sonic insight into the 
possible sckttion oi patients iiitli light to left shunts ±oi opciafion, data on 
3 of 4 such patients «lio died altei opeiatioii and on uhom sufficient data iieie 
aiailable aie anahzed in some detail in Table V In none of the 4 patients was 
tlieic ant obiions cause of death, and post moitem cvaniination, done in 3, tailed 
to add iiiitliei inioimatioii The calculated slnnits lopiesent bidiicetional 
sliiiiit components ot piilnioiiaii and sistemic aiteiial blood flow and mas 
diffei ±10111 the net left to right shunts in Table II, iilncli lepieseiit the pci 
centage be which piilmonaii blood flow cscecded sisteiiiie blood flow In all 
3 ot these patients, the light to lett shunt csceeded the lett to light shunt 
With the possible esception ot I ease (Case 7), which has been lepoited in 
detail elsewlieie,*'' tlicie <iie no late suiiiiois attei opeiation in this gioiip of 
patients in whom a piedominanth light to Iclt shunt was demonstiated The 
patient in Case 7 also had a coaietation ot the aoita, and toi tins leasoii iiiai 
piesent a somewhat diffeient liemodMiaiiiie pioblem 



Fiff 4—Sections of photographic record obtainel during operation on a patient uitii 
patent ductus arteriosus and pulmonary h>pertcnsion (Case 1) Note that during temporarj 
occlusion of the luctus arteriosus there vas an immediate fall in pulmonary arterial pressure 
and a rise in aortic and adial arterial pressures \ few secon Is later wlen the ductus was 
ojenel these pressures returned approximately to their pre\Sous le\els 


An nndoiibtedh related tactoi, and one which aids the suigeon in making 
the final decision legaiding closiiic ot the dnetus, is the hcniodinamic lesponse 
to occlusion of the ductus at the time of opeiation The lesponse exhibited to 
this manemei m 7 cases is summarized graphicalh in Pig 2 Values foi 
piilmonan aiterial and sistomic aiteiial piessiiies beioie and attei elosiiie of 
the ductus aie recoided A tall in puhnonai} aiteiial piessuie and a use m 
sistemic pressuie occiiircd in all but 2 patients One patient (Case 21) showed 
a pionounced use in piilmonan aiteiial picssuie and a fall in sxstcmic piessiiic 
when the ductus was occluded He sunned opeiation but died suddeiih six 
months latei This case 1ms been reported in detail elsewlieie”’ In Case 7 



276 


ELLIS, KIRKLIN, CALLAHAN, AND WOOD 


J. T/ioradc Surp. 
March, 1956 


• di’oP in pulmonary arterial pressure was demonstrated 

in base 22; the details of this case have been reported previously.-*® Prom a 
pieoperative level of 90/60, the pi-e.ssure in the pulmonary arterj^ fell to 21/7 
seventeen months after division of the ductus. Portions of the catheterization 
^cords obtained before and after operation in Case 1 are reproduced in Pig. 3. 

^ preoperative level of 82/42, the pulmonary arterial pressure fell to 
45/15 eight months after division of the ductus. 

In 6 patients it ivas possible to calculate preoperative and postoperative 
total pulmonary arterial and pulmonary arteriolar resi.stances (Table IV). 


Tabi^ IV. Pkeoperative and Postoperative Determinations of Blood Flow and 
Pulmonary Vascular Resistance in Six Cases of Aortic-Pulmonary 
COJIMUNICAT lON WiTH PULMONARY HYPERTENSION 




j PREOPERATIVE STUDIES 

j postoperative studies 




1 


PULMONARY VAS- 


pulmonary VAS- 



R-TO-L 

BLOOD-FLOW INDEX 

CULAR RESIST- I 

CARDIAC 

CULAR RESIST- 


i 

SHUNT 

1 (L./.MIN./M.2) 

ANCE*‘ 

(DYNES 

INDEX 

ANCE^ (DYNE.S 


' AGE 

DEMON- 

1 PULMO- 

SYS- 

SEC. 

C.M.-5) 


sec. C.M.-5) 

case 

!( YEARS) 

^ STRATED 

^ NARY 

TEiMIC 

TPR 

1 PAR 

/M.2) 

TPR j PAR 

7 

12 

+ 

6.7 

3.0 

860 

620 

3.5 

569 372 

S 

0 

+ 

10.7 

5.0 

830 

520 

3.3 

600 340 

9 

42 


6.8 

4.1 

860 

630 

3.9 

250 

10 

28 


5.9 

3.7 

481 

380 

5.2 

180 128 

11 

21 

+ 

2.7 

1.7 

1595 


1.8 

1060 

lo 

27 


2.6 

2.4 

1520 


3.4 

225 


*TPE, total pulmonary arterial resistance; PAR, pulmonary arteriolar resistance. 


These data emphasize two factors of importance. Cases 7, 8, and 11 serve to 
re-emphasize tlie fact that the presence of a right-to-left shunt does not 
necessaril.v indicate a fixed pulmonar.v vascular resistance and that this resistance 
ma.y be lowered after closure of the abnormal pulmonary-aortic communication. 
Lowering of pulmonary vascular resistance occurred in all 3 patients, althougli 
noi’mal values were not attained. Case 9 sen'es to emphasize that age alone 
is not necessaril.v a factor in determining tlie response to operation in patients 
with this disease. One of the most striking drops in total pulmonary ro.sistance 
was exhibited b.v this 42-year-okl woman. 


Selection of Patients for The results among patients in whom 

only a left-to-right shunt was demonstrated preoperatively, both as regards 
their immediate response to operation and their long-term progress, leave little 
question concerning their proper management. All such patients should be 


advised to have the ductus closed. 




Table V. Hemodynaxiics Data on Three Patients With Patent Ductus Arteriosus 
and Pltlmoxary Hypertension Who Died Postoperatively 



PRESSURE 

(.MM. KG) 

[ SHUNTS , 


CASE 

AGE 

(years) 

PULMO- 1 

NARY j 

ARTERY 1 

RADIAL 

ARTERY 

L-TO-K PER 
CENT PULMO¬ 
NARY FLOW 

R-TO-L PER 
CENT SYS¬ 
TEMIC FLOW 

AO 

TPR* (DYNES 
SEC. CM.-X) 
1660 


21 

26 

29 


rVe 

49 

24 


143/78 

104/62 


140/69 

127/68 


25 

21 


33 

30 


1830 

2140 


^Total pulmonary arterial resistance. 
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tJK 4—Sections of photoBiipJilc rccorl obtalne 1 durinff opcritJon on a pithnt 
patent ductus arteriosus and pulmonary hypertension (Case 1) Note tli it during tomj 
occlusion of the ductus arteriosus there was an Immediate fall In pulmonary nrttrl ij 
and a rise in aortic and adia! arteilal prcssuits \ feu secon Is latei ulen the luctuv 
openel these pressures returned approximately to tl eir previous levels 


An undoubtedh ielated tactoi, and one which aids the smgeon in iinkiug 
the final decision legaiding closnie of the ductus is the licniodMiamic lespoiisc 
to occlusion ot the ductus at the time of operation The icsporise exhibited to 
this niaiieiiiei in 7 eases is summarized giaphiealh in Tig 2 Values foi 
piilmonaii aiteiial and sistemic aitciial prcssuics hctorc and attei closure ot 
the ductus aie lecoided A fall in pulnionais aiterial piessme and a use in 
sistcniic piessuie occiiiicd in all hut 2 patients One patient (Case 21) showed 
a piononneed use in pulmonaix aiteiial pressnie and a fall in scsteinic picssiiie 
when the ductus was occluded lie sunned opciatioii but died siiddcnh sk 
months latei This ease has been reported in detail clsewlieieIn Cs5f f 
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the patient showed a similar but less mai-ked response to ductal occlusion. 
This patient has been referred to already as having an associated coarctation. 

The hemodynamic response to ductal occlusion, characteristic of the 5 
patients with patent ductus arteriosus without associated anomalies who were 
studied on the operating table and who survived operation and did well post- 
operatively, eonsi.sted of a fall in pulmonary arterial pressure and a rise in 
systemic pressure. Tracings of the hemodjmamic response to this maneuver 
exhibited in Case 1 on the operating table are reproduced in Fig. 4. 

These observations indicate that if it can be demomstrated preoperatively 
that the shunt is exclusively right to left or that the right-to-left shunt exceeds 
the left-to-right shunt, surgical closure of the abnormal communication is very 



hazardous. It is at present our opinion that closure should not be done under 
these circumstances. Similarly, if, on the operating table, occlusion of the 
ductus is accompanied by a rise in pulmonary arterial pressure and a fall in 
.sj^stemic pressure, operative closure of the ductus is hazardous and may he 
unwise. Patients with this disease who have a predominantly left-to-right shunt 
and who respond to ductal occlusion by a fall in pulmonary arterial pressure 
and a rise in systemic pressure may be expected to be benefited by operation. 


Operative and Postoperative Management.— Patients with patent ductus 
arteriosus and pulmonary hypertension usually are found at operation to have 
an unusually short and extremely wide ductus. Ligation of such a ductus is 



Volume 51 
Number 3 


PATENT DUCTUS ARTERIOSUS 


279 


unsatisfaetoiv, as demonstrated bj the fact that ot 7 patients tieated bj this 
method, recanalization of the ductus nas demonstiated in 3 Division ot the 
ductus IS tlie onlj metliod of elosuie for which success can be assured 

Because of the presence of pnlmonaij hvpeitension, the pulraonai'j arteij 
of these patients is large, thin walled, and fiiable Alaiming heinoiihagc can 
occur wuth minimal trauma to this vessel Its wall toleiatcs the application ot 
clamps poorly For this icason, cveij cffoit should be made to avoid placing 
clamps in such a niannei as to include a poition of the pulmonaiv aitei'j in 
their jams 

Because of our evpoiience with two instances ot fatal hemoiihage fiom the 
pulmonarj artcrj, the technique of division of the ductus was altered in a 
recent case The patient was operated on undei hvpotbeimia to 28° C The 
aoita was cross clamped above and below the ductus (Pig 5) The ductus was 
then clamped at its aortic end, leaving the pulmonaiv aitciv end of the ductus 
and the pulmonaiv aiteij undistiiibed The ductus was divided, the cut end 
of the ductus closed with inteiiupted 5 0 silk sutures, and the opening in the 



Flff G—CUssJflcatlon of laticnts %vith aortic pulmonary coninnmication and lulinonarj hyper 

tension 

aoita closed in a similai maimei A similai technique has been desciibed and 
used b> Ciafooid and Nvlin-* and Jones--' in ceitaiii cases of patent ductus 
arteriosus Hvpothcimia was not used bv these authois The lengthened period 
of aoitic cioss clamping that it will allow adds greatlj, we feel, to the case and 
safety of the operation 

It has been amply denionstiatcd that pulmonaiv vasclilai lesistance is 
icduccd bv the inhalation of high conceiitiations of osygon Pol these ic.isons 
It has been oui piacticc to keep all patients who have had opeiativc closiiie of 
a patent ductus aitcriosus with piilmonarv hvpeitension m an atmospheie ot 
high oxygen coneentiation foi a week to ten days following opciation 

CUSSIPIC VTION 

This analvsis of 30 eases of aoitic pulmonaiv eoinmunicatioii with pulnio 
naiv hvpeitension tieated suigicillv has led to the classifitatioii shown in Pig C 
Scpaiation of patients into the tliicc diffcicnt catcgoiics has ccitain clinical 
significance since, at the picsent time, wt believe that all patients in Gioups -1 
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and B should be advised to undergo closure of the ductus. The risks of opera¬ 
tion for patients in Group C are extremely high, and closure of the ductus in 
these individuals is probably unwise. 

summary and conclusions 

The reported cases of patent ductus arteriosus with pulmonary hyperten¬ 
sion have been reviewed. Operative closure of the ductus was attended by a 
mortality rate of 18 per cent. The mortality rate among patients with a right- 
to-left shunt was 56 per cent. 

In 30 eases of aortic-pulmonary communication with pulmonary hyper¬ 
tension treated surgically at the Mayo Clinic, there were 5 hospital dcatlrs, 
giving a mortality rate of 17 per cent. All the deaths occurred in patients in 
whom a right-to-left shunt by way of the ductus had been demonstrated. 

A satisfactory drop in pulmonary arterial pressure was noted in those 
patients avIio uiidenvent successful closure of the abnormal communication and 
who Avere recatheterized in the postoperative period. This satisfactory response 
included 3 patients in Avhom a right-to-left shunt Avas demonstrated preopera- 
tively. 

On the basis of the experience gained in tlie handling of these patients, 
certain conclusions are justified. Surgical closure of the ductus is hazardous in 
patients in Avhom there is demonstrated preoperatively a right-to-left shunt that 
exceeds in magnitude the left-to-right shunt. Sui’gical closure of the ductus is 
hazardous likeAvise if a rise in pulmonary arterial pressure and a fall in .sys¬ 
temic pressure occur in response to ductal occlusion at the time of operation. 
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Discusslox 

DR. FRANK GERBODE, San Francisco, Calif.—I should like to congratulate Dr. Ellis 
on this presentation and on the excellent manner in which this material was pnt together. 
AA’e are in complete agreement with his conclusions; I believe we had reached them, however, 
before we got into as much operative difficulty as he did in some of his cases. We have 
encountered at least 20 instances of pulmonaiy hj-pertension associated with ductus in 
approximately 200 patients with patent ductus who were operated upon at Stanford University 
Hospitals. There were 5 cases among the 20 with what we call a balanced ductus, in which 
the pressures on the .systemic and pulmonarj- circulations were about the same. In these cases 
sometimes the shunt was right to left, and in others left to right. One patient had a definite 
reversed ductus. AVe have had two cases of reversed ductus in association with coarctation, 
both of which have been cured by excision and aortic suture. AA’e operated upon these 20 

patients without mortalitj' and I would like to show some slides to illustrate the tj pes 

of cases involved. 

(slide) This represents the type in 14 instances in which there was high pulmonary 
arterj- pressure, but in which the pressure fell when the ductus was closed. In this instance 
probablj' the pulmonary hj'pertension was related mostlj' to flow; that is, the amount of blood 

passing from the systemic to the pulmonarj' circulation. These patients had excellent 

recoveries. In quite a few instances lung biopsies showed no changes in the pulmonarj 
vessels, in others definite thickening was found. This is an illustration of the balanced ductus 
in which we believe that sometimes the flow is from right to left, sometimes from left to 
right. This boj', as with these other patients, had onlj- a sj'stolic murmur. There is a 
.systolic murmur in these patients because the flow usuallj' is not continuous during diastole. 
They do frequently have a Graham Steell murmur. At the moment the aortic saturation 
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^\'ls taken in this instance it was S7 per cent We divided this ductus, as did the other 
fi\e, and no difficulties were encountered Howeitr, this patient and se’^^ral others have 
continued to have a Graham Stccll niurmur and a loud P, and I bclievc tint perhaps in 
the future wo niaj ‘^ee some of thc'sc patients coming back to us with so c died primary 
pulnionarj livpcrtonsion 

(slide) Here is anothir type of bdmcid ductus in an adult, again a situation in which 
the pressures on the two sides were the same Tins woman has gone on to almost complete 
recover) despite the fact that slic had adv meed pulmonar) arteriosclerosis 

(slide) Here is a reversed ductus in a girl who has had considerable cardiac difficult) 
As )ou can sto, in the operating room with the ductus exposed and shut teniporaril), the 
pulinonar) artcr) pressure rose consulerabl) In fact, tlie pulmonar) artcr) got extremel) 
tense and we feared it imglit rupturt even while it was tcmporaril) occluded We have 
alwa)s made a practice of observing the change in pulmonar) arterv pressure with the ductus 
tomporanlv occluded in instances of associated pulmonarj li)'pertcnsion This is essential to 
diterunne whether or not it is safe to close the ductus If the prc'^suto falls it is sivfc to go 
ahead If it n«!cs above tliat m the aorta it is unwise to clo«e the ductus 

(slide) This shows the clinicil findings in these patients, clubbing aod cvano«is of the 
toes, and normal appearing fingers This luaj or maj not be present depending upon the 
permanence and tlit degree of reversal of flow 

DR F MASON SONES, Jr, Cleveland, Ohio—Since 1930, we have encountered 30 
patients with severe pulmonary livperteiision due to the presence of patent ductus arteriosus 
Isone of these patients 1 as sliown the continuous murmur clinicall) associated with this lesion, 
because of the consistent presence of a diastolic pressure in the pulmonar) artcr) equivalent 
to, or within, 10 mni of the diastolic pressure in the s)stomic circuit Eighteen of them 
were infants loss than 2 years of age, 12 were adults 

(slide) Tins is the t)pical x rav appearance of a ver) large patent ductus arteriosus 
in an infant It is cUnicMl^ vnvvesidilft to dvstvngavsh tlus ttQW. a. Kr£C intraventricular 
septal defect 

(slide) We have routinel) been able to cathetenze such dueti As a matter of fact, 
at the time of lioart catheterization it is mvariabl) easier to get into the ductus and demon 
str vtc it inatonnc ill) than it is to cathetenze the left puraouar) arter) This is a common 
diagnostic problem in the infantile group S)stolic pressure in the pulmonarj arter) is 
Significant!) lower than that in the aorta but the diastolic pressure gradient is quite small, 
hence, no continuous murmur In this ago group there is mvariabl) a pure and rather large 
left to right shunt In the adult group much li is been sud about shunt ic'ersal We would 
agree cntirel) viith Dr Ellis that the cru\ of the whole matter depends upon whether or 
not there is a predominant left to right shunt, or a jndominint right to left shunt In all 
c iscs m which the shunt is predommantl) left to nght, even though there ma) be significant 
nrtenal o\)gen unsituration in the aort i below tlic ductus, wo tlunk it i? possible to close 
the ductus, and that no phvsiologie contraindication to operation exists 

(slide) Prom the anatomic standpoint, Iiowcvcr, tlie surgeon ver) frcquciitl) encounters 
a situation much like this An extremel) short ductus with dil ited, sclerotic vessels under 
extremel) high pressure, so that the usuil anterior approach witli direct attack on tlic ductus 
IS technicall) quite hazardous 

The simple expedient of rvdial artcnotoni) has been utilized with great success in 
lowering both s)stemic ind pulmonar) irtcrj blood pressure for periods of from thirt) to 
sixt) minutes without the development of an) arrh)thmin, an) cardiac corapbcations, and 
Without the ncc^ssit) for clamping the lort i This is nccomplisl ed in adults b) the removal 
of between 500 and 750 cc of wliolc blood from the nrti r) TJic process is quickl) rtversible 
at an) moment )ou wish to do it I he sclerotic vessels actuall) hecomo smaller, and soften 
up so that the) ma) bo casil) and safilj mobilized Of couise, a postorolatcril npproacli is 
used with complete mobilization of the lort i above and below tlio ductus before inv direct 
nttiiupt to immobilize tlic ductus is nude It his bun possible bv the use of this technique 
to divuh eleven ducti m patunts with svstemic pulmoimiv hvpertonsioii without immediate 
or late f itaht) 



284 


ELLIS, KIKKLIN, CALLAHAIv, AND WOOD 


J. Thoracic Sure. 
March. 1956 


vir ^VATKINS, Jr., Boston, Mass.—I would like to congratulate Dr, 

Lllis, Dr. Ivirkhn, and Dr. Wood on their e.xcellent presentation, including the very care¬ 
ful phy.siologic analysis. I felt much better when I saw a .slide showing values for 
pulmonary resistance, in view of the iircsent confusion in the literature between “pul¬ 
monary hypertension” and pulmonary vascular resistance. 

Concerning this problem, our e.vperience at the Children's Ho'spital closely parallels 
theirs. We have^ the feeling that, with reverse flow through the ductus, operation is 
definitely not indicated, and that surgery is hazardous with close balancing of the pul¬ 
monary and S 3 -stemic pressures. There is good likelihood that, with the development of 
pulmonary vascular obstruction, one disease process has been exchanged for another. In 
place of a ductus defect producing large shunts and increased pulmonary blood flow, we 
now have pulmonary vascular disease as the major jirocess, and the value of dividing the 
ductus in such an instance is going to be determined b^' long-range observations which 


demonstrate that the pulmonarj- vascular obstruction is reversible after the shunt is 
eliminated. It is difficult to visualize how obliteration of a small shunt of a few cubic 
centimeters will influence the piilmonarj' vascular process, but it may' occur. 

So far as the technique of operation goes, we have had good experience lately' (in 
the rare case with an enormous ductus (using the method described by' Dr. Ereeman of 
San Francisco, and by Dr. Conklin, of applying a Potts-Smith-Gibson anastomosis clamp 
to the side of the aorta at the ductus. We ha%'e altered their procedure (in patients with¬ 
out pulmonary' vascular disease) by' opening the pericardium and apply'ing occluding clamps 
to the left pulmonary' artery', thereby' achieving complete diver.sion of the ductus area 
without blocking aortic flow. This permits easy' division and suture of the ductus. We 
have not had experience with arteriotomy', nor have we found it necessary' to use the short¬ 
acting autonomic blocking agents, which should achieve the same re.sult as arteriotomy' 
without any' tubes or bottles. 


DE. H. BEODIE STEPHENS, San Francisco, Calif.—There are a few points I should 
like to bring up for discussion that Dr. Ellis has probably' covered in the raanu-script but 
could not mention today because of lack of time, 

I believe the age of the patient may' have a considerable bearing upon whether or 
not the ductus can be divided. I rather believe that pulmonary' hypertension develops early 
in life when the shunt through the ductus amounts to a large volume flow. The pulmonary 
hy'pertension may- actually' be a protective mechanism to reduce the large volume shunt. 
Division of the ductus early' in life may' always be possible, assuming that reversal of 
flow through the ductus is a rare phenomenon under the age of 3 years. 

In addition, the presence of associated cardiac septal defect has a significant bearing 
bn the presence of pulmonary hypertension and I am anxious to know what percentage of 
Dr. Ellis’ group had an associated septal defect (particularly those studied at necropsy). 

A word w'ith regard to operative maiiagementj I believe it is important immediately 
to mobilize the aortic arch prior to carrying out any dissection in the region of the 
ductus w'hen pulmonary hypertension is present. By .such procedure one has control of 
the aortic side of the ductus should arrest occur in this structure during its mobilization. 
It is my practice to clamp the aorta proximal and distal to the ductus after the manner 
of Crafoord. The ductus is sutured closed as it is divided; this provides improved ex¬ 
posure of the more posterior aspect of the lumen of the ductus and, in addition, lessens 
the actual time to accomplish the closure. 

DK. HAERIS B. SHDMACKER, -Tr., Indianapolis, Ind.—This paper which Dr. Ellis 
and his colleagues have presented certainly' will go a long w'ay' toward answering many 
problems which we have all faced and wondered about. We have treated 47 cases of 
proved pulmonary' hy'pertension of some degree by' division of the patent ductus. If n e 
eliminate 3 cases of aortic pulmonary- fistula and S cases of patent ductus with ventricular 
septal defect (and I may say that in that particular group our results have been very- 
bad indeed) there remain 3G cases. Of these, only 5 had systemic pressures in the pul- 
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raonar\ arter^ Of tlie 21 ^^lth pre'jsures Jess tlian s^«ltemlc, all stcoil diMsion of the 
ductus ■nell but 1 died of cardiac arrest during bronchoscope earned out because of 
atelectasis sonic time after operation In those with sj^temie pressure 'ue had 1 death 
^\hich I feel quite confident uas due to n technical error and should lia\e been pre\cnted 
One patient was cathetenzed a little o\er three and one half ^ears after diMsion of the 
ductus Before operation this cliild had a pulnionar} orterj pressure of ajiproMinateh 100, 
three and one half a ears later it w as a little o\ er 30 

^\e ha\c used both Arfoiiad and hexaniethonium bromide to produce lupotensioii with 
considerable satisfaction, and I belie\e that this maneuver is of considerable help, par 
ticularh in cases w ith marked pulinonar\ Inpertension 

DR ELLIS (Closing) —I should like to thank the discussers for their remarl •*, and 
to compliment Dr Gerbode on haMiig a\oided some of the pitfalls into which we fell 
earl} in our experience with this disease 

Associated cardl 0 ^ascular defects wete present in S patients Four of these patients 
had coarctation of the aorta in n‘’sociation with jiatcncv of the ductus arteriosus The 
condition of these patients ina\ present a soinewliat different liemodMiainic situation, and 
the^ have not been considered in detail heie Ihev will be presented later as a separate 
group In addition, there were 2 patients with ventricular septal defects, and 2 with 
atrial septal defects 

One half of the patients were in the pediatric age group, and we have considered 
that earlv operation is advisable for these voung patients I do not think, however, that 
the fact that a patient is an adult means tliat he will not survive operation and do well 
In fact, one of the most striking decreases m piilmonarv irtcnolar resistance to follow 
an operation occurred in a 42 v car old patient 

Our experience vMth hvpotensioii ns an aid to surgical intervention lias been pri 
ma-nlv UTivTitentioiinl Bv that I mean that bvpotcnsion has, on occasion, bton brought 
about as a result of hemorrhage during the operative procedure In those cases I could 
not see that it helped us particularh 

I should like to conclude In re emphasizing the fact that the mere presence of a 
right to left shunt is not a contraindication to operation It is onh bv careful measure 
nient of the magnitude of those shunts that a decision regarding the advisabihtv of closure 
of the ductus can be made ■\\ hen the right to left shunt exceeds the left to right shunt 
closure of the ductus is hazardous and proliabi} should not be carried out Closure of the 
ductus in patients who have a prcdoniinantlv left to right shunt is accompanied bv an 
increased risk, for reasons alreadv mentioned, but if closure can bo earned out success 
fulh, it should result in clinical improveincnt for the patient 
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W ITH the ever increasing nse of mass x-ray techniques in industrial plants, 
schools, prisons, and hospitals and Avith their use on large segments of 
the population by means of mobile x-ray units, “coin lesions” of the lung are 
being found more frequently. Among the more rare causes of such lesions, one 
must consider pulmonary arterioAmnous fistulas. These fistulas may be small 
and asymptomatic, as in the tAvo eases presented, or may be large and markedly 
disabling, and even cause death from hemoiThage, thromboses, or subacute 
baetei'ial endartei'itis. 

Although Churton,^ in 1897, repoided an autopsy in Avhieh scAmn heman¬ 
giomas of the lung Avere found, and Wilkens,^ in 1918, reported the case of a 
23-year-old Avoman Avho died of pulmonary hemorrhage and in Avhom three 
pulmonary arterioAmnous fistulas Avere found at the post-mortem examination, 
it Avas not until the last decade that the medical profession seemed aAvare of the 
frequency and possible symptomatic nature of these lesions. It Avas further 
brought to their attention by the report of Eodes,® in 1938, of a case in Avhich 
three congenital pulmonary arteriovenous shunts caused polycythemia, dis¬ 
ability, and finally death from hemoiThage. The cause of polycythemia Avas 
not realized, hoAVCA’^er, until the post-mortem examination, Avhen it Avas linked 
to the intrainilmonary Amscular fistulas. In 1939, Smith and Horton^ reported 
the first case in AA’^hieh a diagnosis of arteriovenous fistula of the lung Avas 
made clinically on the basis of polycythemia and the chest x-ray findings. In 
1942, Heiiburn and Dauphinee® Avrote an article describing a case in Avhich a 
clinical diagnosis AAms made and in Avhich a pneumonectomy Avas carried out 
by Shenstone, thus representing the first surgical cure of this lesion. During 
the past ten years, about one hundred cases of pulmonary arteriovenous 
fistulas have been reported in the Avorld literature and of these nearly forty 
cases haAm been treated surgically. Goldman® has mentioned three reports of 
pulmonary arterioA’^enous fistulas present in siblings, including one of his OAvn. 
To these reports Ave should like to add another in Avhich the Amseular anomaly 
Avas present in sisters, one of AA^hom Avas treated surgically. 

These ijulmonaiw Amscular lesions liaAm at Amrious times been called caA^ern- 
ous hemangiomas, congenital arterioA^enous Ami’iees, multiple pulmonary he¬ 
mangiomas, pulmonary arterioA-enous aneurysms, and arterioA'^enous fistulas 
of the lung. The latter designation seems most proper since the communica- 
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tion between the artery and i ein is usually quite direct with no capillary bed 
between, and it also implies the ficquent symptomatic nature of these anoma¬ 
lies Pulmonaiy arterioi enous fistula is being lapidly adopted as the coirect 
terminology by the medical pi ofession 

Both of our cases wei e diagnosed 1)3' means of Y-ra 3 ' planograph}' tech¬ 
nique -which was done following the detection of the lesions on the routine 
posteioanteiior chest >.-rays In the ease operated upon theie was a vague 
louuded densit 3 ’-, approximate!}' 3 cm in diametei, supei imposed on the 
anterioi poition of the light second ub Planograms showed the lesion to be 
at the 8 to 9 em, level and a vasculai marking was seen extending out-svaid 
fiom the hilum to the infciior bolder of this densit}-. The sister vho lefnscd 
suigeij' presented a lounded densit}', approximate!}' 2 cm in diameter, in the 
left upper lung field and anothci similai lonnded density of the same size in 
the light lower lung field Planogiaphy levealed a lound density in the left 
upper lobe at the 71/^ to 10 em level with an affeient and effcient vessel and 
another density in the light lower lobe at the 5 to 7 cm level with seveial 
vessels entering this lesion The vasculai maikings extending into each of 
these densities as revealed by planography made ceitain the diagnosis of some 
kind of vascular lesion 

Fuither x-iay evidence piobably could have been seemed by means of 
fluoiosoopy which w'ould have shown the increased pulsations of the hilar 
stiuotmes on the side of the lesion and the pulsations of the lesions them¬ 
selves Kymographic studies might also haie shown the pulsations in the 
lesions X-rays taken with the patient peifoiming the Mulior and Valsaha 
maneuveis might haie shown the change in the size of the lesions as the 
intiathoiacie piessme is ineieased oi decieascd Such additional evidence is 
said to be present in about 50 pci cent of instances Angiocaidiogiaphy is a 
valuable piocednre foi demonstiatiiig iiuiltiplc lesions not disclosed by other 
techniques and should bo recommended before snigical treatment is instituted 
in Older to prevent oveilookiiig small lesions which would enlarge later as 
did happen in at least tw'o lepoitcd cases " 

CASE REPORT 

History —A 53-rear old Tridow entered Episcopal Hospital on Feb 11, 1054, com 
plaining of sharp right upper quadrant pain which radiated around the costal margin to 
the bach, accompanied bj nausea and aomiting of two dnss’ duration The first such 
episode had occurred C weehs previoiish, and there were seioral interval attacks She 
had no fever or jaundice She bad had an intolerance to fried nnd fattj foods for seieral 
j ears 

The patient stated that she had had moderate djspnea on exertion for the past file 
jears She was obliged to give up some of her housework, being unable to climb more 
than one flight of stairs without resting She had had no ankle edema, palpitations, liver 
tenderness, or nocturnal djspnea She had had almost dailj nosebleeds all of her life, but 
did not consider this serious in so far as her sister, mother, and manv aunts, uncles, and 
cousins also had had such a historv of epistaxis tliroiigliout their lives ,She had halt one 
operation five jears previously for a pilonidal evst 

Phyncot Hmmtuatton —The patient vvm, a sliglitlj obese, niirldle aged white vvoiiian 
in no apparent discomfort Her teniporaturc was 99° F orallj The blood pressure was 
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100/Go, the pul<«e SO jier iinnute, anti (he re&piritioiib \terc 20 per mimite Ihc JjpH 
and earjs rexealed a mild c^anoMs llicrc was some ulceration and crust form itiori o\ei 
the anterior nasal septuni bilatoralli llic nccK. was normal llie heart sounds were of 
good qii ilit> with a regular rlnthni No murmurs were present The chest evpanded 
eqiialh hiliteralh and both lungs were clear to auacultntioii and peicussion No riles or 
bunt were heard The breasts were normal The abdomen ^vas obese and soft There was 
tenderness to deep palpation in the right upper ijuadrant The li\er edge ivas one finger 
breadth below the costal margin No masses were felt The pehic and rectal exannna 
tions were negati\e The extremities demonstrated no telangiectases or varicosities, but 
there was moderate clubbing of the fingers ind the nail beds were slighth cjanotic The 
admission diagnoses were eholec\stitis A\ith cholelithiasis and possible congenital vascular 
defect 

Lohoiatory Lzaminations —On admission, the red cell count was 4 7 million, the 
hemoglobin was 15 3 Gm, the hematocrit was 47, and the white cell count was 0,250 with 
00 per cent pohmorphonuclear cells of winch 03 per cent were segmented, 27 per cent 
1\inphocites, and 4 per cent nionocites The prothrombin time was 100 per cent of 
normal The bleeding time was 1 minute and 30 seconds The coagulation time was 4 
minutes and 25 seconds The platelet count was 171,000 The unnnhsis was normal 
riie Kline and Kahn tests were negatue The blood sugar was 91 mg per cent and the 
blood urea nitrogen was 15 mg per cent The total protein was G1 Gm per cent with an 
alltunun of 3 S Gm per cent and aglobnlin of 2 3 Gm per cent The blood calcium was 
10 2 mg per cent 

•V white cell count repeated on Feb 20, 1054, or two da^s before cholecjstectonn, 
was 14,100 with 84 per cent pohmorphonuclear cells of winch onh 54 per cent were seg 
mented The hemoglobin at this time was 137 Gm and the red cell count was 5 00 
mtUion Artenal ovigen safnrttxon was not <?one 

X tay Cxaminaltons —The admission chest x ra^ showed a rounded \*igue rvdiopacifv 
3 cm m diameter in the right hemithorax superimposed on the second anterior nb (Fig 1) 
Planograph^ was adMsed to determine the nature of this opacitv Planograpln re\ealcd 
a densitj in the right upper lobe at the 8 to 9 cm le^el with a %ascular maiking extending 
from its inferior border to the hiluni This suggested the possibility of an arteriovenous 
fistula (Fig 2) A flat x ray filra of the abdomen revealed vague densities in the nght 
upper quadrant possibh representing calculi and some enlargement of the liver Oral 
choleevstographr was earned out and nonvisualization ot the gall bladder resulted No 
radiopaque calculi were seen 

Jlosittal Course—The patient had been admitted to the medical service and was 
studied there for gall bladder disease and possible vascular disease The capillan 
fragilit' test revealed 40 petechiae m a 1 inch square when the blood pressure cuff was 
kept above diastolic pressure for 20 minutes A gastrointestinal senes to rule out hiatal 
hernia was negative An electrocardiogram gave no evidence of nn ocardial infarction 
After consultation with the Thoracic Surgery Service regarding the piilmonarv lesion 
demonstrated by \ ray, it was decided to proceed with gall bladder surgerv initially The 
patient was then transferred to the General Surgical ‘Service where a cholecvstectomv and 
exploration of the dilated common bile duct were earned out on Feb 17 , 1054 The 
pathological report on the removed specimen was cholecvstitis with cholelithiasi*; The 
patient had an uneventful postoperative course and was transferred to the Thoracic 
Surgery Service on March 11, 1954 Exploraton thoracotomi was performed on Jlarch 
IG, 1954 

At operation a rounded 2 cm bluish mass was seen projecting from the lateral 
surface of the lateral segment of the nght middle lobe Blood could bo seen swirling 
within this bluish mass and a mild thrill could be felt over its surface This blood flow 
ceased and the tumor collapsed when the arterv to the lateril segment of the middle lobe 
was occluded The arteries and veins ciitenng the nght middle lobe were about three 
times normal size and there were several lerge tnbufarv veins entering at the hiluni of 



290 


O’NEILL, FISHER, MCDOWELL, AND LAUBY 


J. Thoracic Stirs. 
March. 1956 


the middle lobe which made dissection tedious. It was believed that there must also be 
an arteriovenous fistula in the medial segment of the middle lobe since the arteries and 
veins entering this segment were also markedly enlarged and a large vein coursed over 
the inferior surface of this segment. Attention was then directed to the right upper lobe 
since the opacity seen by x-ray seemed to lie within the anterior segment of this lobe. 
The vessels entering this segment were two or three times normal size while the vessels 
to the other segments were of normal size. Pressure over the anterior segment artery 
made the veins collapse and so it was assumed that an arteriovenous fistula lay within 
the segment. The artery to this segment of the upper lobe was merely ligated without 
removing the segment so that pulmonary- tissue might be spared. The right middle lobe 
was removed by the indh’idual ligation technique. 

Figr. 3. 





Fig-. 3 . —Right middle lobe injected with Lipiodol. Hemostat is in the bronchus, 
catheter in the artery, and needle in the vein. The longer needle indicates the subserosal vas¬ 
cular sac from which some dye has escaped. Three arteriovenous fistulas are seen in tnis 
injected specimen (C. S.). 

The microscopic slides of the arteries and veins of the removed right middle lobe 
showed nothing unusual. The bluish mass on the lateral segment was a thin-walled 
venous sac. The specimen was injected with Lipiodol and x-rays were taken (Fig. 3). 
The injected specimen showed two direct arteriovenous shunts in the medial segment of 
the right middle lobe and one in the lateral segment which entered the superficial thin- 
walled vascular sac. 

The patient had an uneventful postoperative course except for a low-pade fever. 
The chest drainage tubes were removed on the fourth postoperative day. Fluid accumula¬ 
tion necessitated a thoracentesis on one occasion. The sutures were removed on the 
seventh postoperative day and the patient was discharged to her home on the tenth post¬ 
operative day. The discharge chest x-ray showed no remaining radiopacitj- m the lung 
fields and the' mild cyanosis seen on admission had disappeared. 



Fiff 4 —A follow up chest x ray (C S ) two and one half months after [he flr«t operation 
re^eals a densltj in the same location as previouslj note I in the right upp»:r lun- 
flelcl *’ 

t-ig 5—rulmonari angtotram <C S ) rexealed the denslt> to be a remammsr ane*ir^ 
xenous fistula 
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Wlien seen on a follow-up examination on May 7, 1954, an opacity was again noted 
in the right upper lobe by x-ray (Fig. 4). In order to determine if this was the arterio¬ 
venous fistula which had been ligated but not removed at the first operation, a pulmonary 
angiogram was performed on July 7, 1954. This showed a large arteriovenous fistula to 
be present still in the anterior segment of the light upper lobe (Fig. 5). This was pie- 
sumed to be the same listula in whicli the ves.sels were ligated at the first operation. 

Second Hospital Admission .—The patient re-entered the hospital for excision of the 
lemaiiiing arteriovenous fistula, and on July 1/, 1954, the anterior segment of the right 
upper lobe was removed. This segment was connected by many vascular channels to the 
parietal pleura and the adjacent segments, and a thrill could be felt over the segment. 
The removed segment was injected with Lipiodol and an x-ray was taken. It showed a 
dilated vascular sac which almost completely filled the segment (Fig. 6). The five veins 
which drained the sac are not seen, since in order to fill the sac with the radiopaque 
material, thej' had to be ligated. 



Fig. G. Pig- 7. 

-Liniodol injection of the anterior of the anterior segment of the right upper 

^ __1_^.1 1_ n O T t r 1 nVPTl fill S 


to be almost completely replaced by the sac of a large ai teriovenous 


Fig. 6.- 

lobe reveals it 

fistula (C. S.). . . . . 

Pig-. 7.—A postoperative pulmonary angiogram (C, S.) reveals no remaining 
fistulas. The haziness over the lower right lung field is due to pleura! thickening in that 
area. 


A repeat pulmonary angiogram was done ten days after the second operation. This 
did not show any remaining arteriovenous fistulas (Fig. 7). Pleural thickening gives a 
slight haze over the lateral aspect of the right lung field. 

The patient is now doing her own housework and exhibits no cyanosis. Her hemo¬ 
globin and red cell count are within normal limits. 

Knowing the hereditary nature of arteriovenous fistulas of the lung and having 
obtained a history of epistaxis in many other members of the famil.v, it was decided to 
obtain a chest x-ray of as many members of the family as possible who lived in this 
area A sister, a brother, and two cousins were x-rayed. The chest x-ray of the brother 
was negative and he had no clubbing of the fingers, no telangiectases of the skin or 
mucous membranes, and no history of epistaxis. One female cousin had telangiectases 
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o\cr the abdomen, but no histor\ of epistaTis and no clubbing of the iingeis Her chesl 
X raj %\as negnti\e Another male couain gave a histor\ of fiequent episodes of opistaxis 
since childhood but his chest \ rav uas negative One sister of the patient had a Instore 
of frequent nosebleeds since earliest childhood She had moderate clubbing of the fingers, 
mild c\anosis, and telangiectases of the hps Her chest film reiealed a lounded denslt^ 
HI the upper left and lo^er right lung fields, each about 2 cm in diameter (Fig 8) Plano 



Fir 8“The chest x ra> of the patients shtei (M S) re\eals densitie** In the left upper lung 
field and right loner lung field 



Fig D—Planoginm*! (Jt S) 8ho«s enteiing dlrtcUj from the lillum Into each of the 

densities 

grvms sliowul mS'hIs ontiring latU of tluKi lesions (Fig n) Sht domed dNspnoi on 
exertion hut actualli seldom exerted hcrstlf, probabh because of her hnonn limitations 
•^^he nas ad\iscd to have surgical excision of these lesions because of the dangers of their 
enlargement with possible hemorrhage, thromboses, or sulucutc bacterial endarteritis 
Slic has refused operative intervention 
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COai5IENT 

Pulmonary arteriovenous fistula is, in nearly all instances, a manifestation 
of hereditary hemorrhagic telangiectasia. Hereditary hemoz-rhagic telangiectasia, 
or Eendu-Osler-Weber disease, is an interesting congenital vascular anomaly 
which is transmitted as a simple dominant. It is not sex-linked, although some 
have felt that it is more common in females than males. The manner in which 
it has passed through three generations in this family is shovm in Fig. 10. The 



HEREDITARY HEMORRHAGIC TELANGIECTASIA 
IN THREE GENERATIONS OF THE FAMILY 
OF THE PRESENTED CASES 


Fig. 10 .—Genealogy of the patient's family. 

telangiectases are usually seen on the skin of the face and neck and on the buccal 
and nasopharyngeal mucous membranes. Epistaxis is the most common symptom 
but often does not appear before the age of puberty. The lesion is funda¬ 
mentally a congenital defect of deAmlopment of the terminal loops of the 
capillai’ies Avith hemori-hage due to the fragility of the small Amssels. The 
coagulation time, bleeding time, platelet count, and fragility tests are all 
normal. There may be telangiectases in any of the abdominal viscera, the 
lungs, the mucous membi-anes of the gastrointestinal, respiratoiy, or genito- 
urinarj^ tracts, and CA'en the bi’ain or spinal cord. HemoiThage from these 
telangiectases may giA'e epistaxis, hematemesis, hemoptysis, melena, hematuria, 
01' meningeal iri’itation. Hemoi'i’hage into some Autal organ or exsanguinating 



VoIrntJI pulmonary ARTEEIOVliNOUS fistulas in SISTPRS 29') 

Nun ber 5 

liemoiihage maj be tlie cause ot the patient’s death Sudden death in infancj 
in tuo of the patient’s siblings could haie been due to internal henionhage, 
although theie ivas no oiitwaid nianilestation of bleeding and the deaths weie 
not obsei \ ed by a ph> siciaii 

AVells'* has iMitten of the possible oieilap of heieditaij' hemoiihagic 
telangiectasia, hereditaij iamilial laseulai puipura, and pseudoheinophilia in 
a leiy small piopoitioii of eases AVe believe that both heieditaiy lieiiioi 
iliagic telangiectasia and heieditaij familial vasculat piupiiia aie piesent in 
oui two patients since thev both have visible telangiectases as evidence of the 
foimei and a positive toiiiiiiquet test and iticicased capillaij fiagility as evi¬ 
dence of the lattei Pseudoliemophilia, which causes an nici cased bleeding 
time and deficient coiitiaotilitj of the clot, is not piesent 

The alteied phjsiology caused by a pulmonaiy aiteiiovenous fistula diffeis 
in some fundamental aspects iiom such a fistula in the sjsteniic circulation 
Jlaici, Ilimnielstein and co vvotUcis-' have In ought these diffeienees to the 
attention of the medical ]n ofessioii and then clinical inv estigations hav e been 
coiioboiated bv’ the studies of Takaio, Essex, and Biirchell'" who oieated 
aitifleial diiect fistulas between the pulmonaij aitones and veins in dogs 
In both peiipheial aiteiiovenous fistulas and pulmonaiy arteiioveiious fistulas 
the total blood v olume is nicieased, but in the pulmonaiy ai teiiov enous fistulas 
the total plasma volume is not nicieased as in the sjsteniic foim Theie is 
thus a much gieatei inciease in the icd cell mass in the pulmonaiy tjpe with¬ 
out a coneomitant mciease in plasma volume This lesults in a great inciease 
Ill the blood viseosit} and theie is a gieatei teiideiicj towaid the foimation 
of thiomboses in the pulmonaij tj’pe The hematocrit, theiefore, is also 
greatlj nicieased in the laige sjmptomatic pulmonaiy aiteriovenous fistulas, 
wheieas it is noinial in sjstenuc aiteiiovenous fistulas Oxygen satinatioii 
IS noimal in the sjstemic foim while it is deci eased to about 70 pei cent in the 
pulmonaiy foim, thus accounting foi the cjanosis with even small pulmonaiy 
shunts The absence of cjanosis in the face of a vascular shunt seen in the 
lung fields bj xiay would piobably mean a shunt between the bioiieliial 
aiteiial sjsteni and the pulmonaij veins since the bioiichial aiteiies have no 
coinicction with the pulmonaij^ aiteiies but both diain into the pulmonaij 
V eiiis Cai diao output is noi mal in the pulmonaiy shunts, but it is incieased in 
the sjstemie tjpe The cardiac enlaigemcnt seen in the sjsteniic fistulas does 
not ocelli wuth pulmonaij fistulas Thus, one may summaime the phjsiological 
changes of a pulmonaij aiteriovenous fistula bj stating that it ineieases 
the led cell mass oiilj and has little oi no effect on caidiac output and caidiac 
djnamics, while the pciipheial aiteiiovenous fistula iiicieases all the elements 
of the blood volume piopoitionateh and causes an nicieased caidiac output 
and dilatation of the heait 

The poljevthemia is marked in large pulmonaiy fistulas and leads to 
nicieased viscositj of the blood and thiomboses The ceiobial anoxia and 
teiebial thiomboses cause sjiiiptoms of headache, vertigo, convulsions, and 
even paiesis An aunt of the patient had a histoij’ of cpistaxis almost dailv 
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and telangiectases or the face, neck, nose, and month. She developed head¬ 
aches and dizziness. At another hospital she was explored for a possible brain 
tnmor and died of intracerebral hemorrhage following the evacuation of a 
ceiebral clot. Ihe chest x-ray findings in this ease are not reported. 

Subacute bacterial endarteritis is another possible complication of pul¬ 
monary arteriovenous fistulas. This was present in the case reported by 
Maier, Himmelstein and associates* and resulted in a brain abscess in the 
eases reported by Wodehouse, and by Stern and Naffziger.^^ A cousin of our 
patient, the daughter of the patient mentioned previously who had died of 
cerebral hemorrhage, died of an intracerebral abscess at 22 years of age in 
another hospital. She had had a history of daily nosebleeds and had telangiec¬ 
tases of the nasal and buccal mucosa. She was admitted, suspected of having 
a brain tumor but died while studies were being carried out. Autopsy revealed 
a I’ight frontoparietal abscess. 

Some eases of polycythemia vera could be mistaken for a pulmonary 
arteriovenous fistula. The differential points here would be the following 
findings in polycythemia vera: an enlarged spleen, the absence of clubbing 
of the fingers, the elevated white cell count with immature white cells prominent, 
and an arterial oxygen saturation which is normal or nearly so. There may be 
vague densities in the lung fields with polycythemia vera but these are not 
constant as in the case of a pulmonaiy artei’iovenous fistula. The white cell 
count, matui'ity of the white cells and spleen are all normal with a pulmonary 
fistula but the oxygen saturation is about 70 per cent. 

It is interesting that, in spite of the four large direct shunts found in our 
ease at operation, she exhibited only mild cyanosis and had hardly anj'' elevation 
of the hemoglobin, x'ed cell count, or hematocrit. Perhaps her almost dail.y 
epistaxis was a factor in the lower than expected red cell mass. The patient 
stated that as a child her mother kept a pail in the kitchen for the many 
handkerchiefs used for the episodes of epistaxis bj’ her mother, her sister, and 
herself. These handkerchiefs were washed out daily in large numbers. Goldman 
as well as Glenn, Harrison, and Steinberg’^ have described eases in which the 
hemoglobin and hematocrit were not elevated. The low red cell mass in these 
cases was attributed to the recurrent epistaxis or other causes of anemia. 
Both our patient who was operated upon and her sister had mild cyanosis. 
When the red cell count is normal a shunt of 25 to 30 per cent of the blood 
volume is necessary in order to give cyanosis. Neither of our patients demon¬ 
strated the continuous purring murmur, with accentuation at cardiac systole 
and with deep inspiration, heard over the periphery of the lung in about 50 
per cent of the recorded cases. 

Another possible source of confusion in the differential diagnosis is con¬ 
genital heart disease. Anj’’ heart lesion producing cyanosis, clubbing, and 
polycythemia must be serious and would give cardiac murmurs and changes 
in the cardiac outline by x-ray. In pulmonarj’’ arteriovenous fistulas the heart 
is normal by auscultation and x-ray. The arm-to-tongue circulation time is 
actually decreased because of the pulmoxiary shunt and one may get peripheral 
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manifestations of the ethei injected foi the aim to lung test, such as tingling 
in the face and scalp, because the etliei goes thiongh the pulmonaij shunt 
■ttithoiit being vapoiized eiitiiely in the lung capillaij bed which iioiinally 
occiii s 

SUlnlARY 

TIic foil!til lopoit of piilnioiiaii arteiioiciioiis fistulas appealing in siblings 
has been gnen, and aiiothei ease has been added to the gioiinig iiiniibei of le 
ported aiteiioienous fistulas of the lung nhieh haic been ticated suigicalh 
The sistei of the patient opciatcd upon iias shoivn also to ha\o piilmonaii 
aiteiloveiioiis fistulas but she has refused opeiatue intenention Both ivomcii 
neie iiieinbeis of a famih in ivhieli Bendu Oslei Webei disease uas kiioiin to 
bo piesciit foi at least three geiieiations The plnsiologic changes caused bi 
puliiionarj aitciioieiioiis fistulas and then dilfeiential diagnosis liaie boon 
discussed 
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THE TKEATMENT OF METASTATIC PULMONAEY MALIGNANCY 

Charles R. Kelly, M.D., and Hiram T. Lj^ngston, M.D. 

Chicago, III. 

S IGNIFICANT advances in all phases of surgical management during the 
past few decades have gradually allowed the surgeon to re-evaluate a num¬ 
ber of conditions previously considered therapeutically unapproachable. No¬ 
where is this trend more evident than in the field of neoplastic disease, where 
reduction in operative mortality, together with the development of increasingly 
adequate methods of dealing with the primary malignancj’’ and its local exten¬ 
sion, has led to the accumulation of a steadily growing number of patients in 
Avhom the primarj^ lesion has been controlled, but who present metastatic growth 
elsewhere in the body. It was inevitable that this situation should result in at¬ 
tempts at direct attack, aimed at eradicating these secondaiy lesions by proce¬ 
dures Avhich, although certainly feasible from a technical standpoint, were ap¬ 
proached originally with a certain sense of desperation. The acceptance of 
these procedures as rational and effective therapy has undoubtedly lent impetus 
to the consideration of direct attack on metastatic disease of the lung. Formerly 
considered evidence of a surely fatal prognosis, secondary pulmonary malig¬ 
nancy, in the light of the experience of the past two decades, can be shown to 
be controllable in a small but significant number of patients. 

Seiler,® in 1949, in a comprehensive review, presented data on 62 such cases, 
including 10 of his own, with follow-up periods ranging from one month to 
eighteen years. During the discussion following this paper, 12 additional cases 
were contributed b}^ Van Hazel,® Waterman,® and Lambert,® with six more cases 
being added by the Mayo Group. Further reports were made by Ehrenhaft,^ and 
by Hilton and associates,® in 1951, and by Mannix," in 1953. A total of 91 cases 
are therefore available from the literature. 

In reviewing our own experience at the Hines Veterans Administration 
Hospital, a total of 22 patients were found who had been explored for supposed 
metastatic lesions. Eighteen of these lesions were proved microscopically to be 
definite metastases (Table I), while the remaining 4 patients were shown to 
have definite or highly pi’obable primary pulmonary malignancies (Table II). 
These latter eases will be discussed separately. Thus, there are at present 109 
knoAvn instances of pulmonaiy resection for metastatic lesions. Of these patients, 
82 have been followed for two years or longer, of whom 63 have died, giving a 
two-year survival without recurrence of 19 (23.2 per cent). 

From the Surgical Service, the Hines Veterans Ailministration Hospital, Hines, Illinois, 
and the Department of Surgery, University of Illinois College of Medicine. 
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Table II. Second Primary Pulmonary Malignancies 


CASE 

i 

ORIGINAL PRIMARY | 

INTERVAL 

BETWEEN 

PRIJIARIES 

(months) 



SURVIVAL 

1 (MONTHS) 

SECOND PRIMARY 

OPERATION 

1 LIVING 1 dead 

19 

Squanious-cell 

carcinoma 

Larynx 

15 

Right upper lobe 

Inoperable 

2 

20 

Adenoearemoraa 

Colon 

34 

Left lower lobe 

Pneumonec¬ 

tomy 

4 

21 

Epidermoid 

carcinoma 

Kidney-pelvis 

0 

Superior segment Pncumoncc- 

left lower lobe tomy 

8 

22 

Adenocarcinoma 

Stomach 

0 

Right upper and Bilobectoniy 

middle lobes 

0 


It is our purpose in this pre.sentation to emphasize the fact that in patients 
in wiiom tliere is reasonable evidence that a primary malignancy has been con¬ 
trolled, the presence of a discrete pulmonaiy lesion is an absolute indication 
for thoracotomy. Not only is there a fair chance of controlling the metastatic 
lesions, but the real possibility that a second primary pulmonary malignancy 
may coexist is ever present. The first point for consideration in this group is, 
then, the present status of the primarj’’ lesion. Obviously, to the patient with 
local persistence of disease, or with metastases in other organs, excision of the 
pulmonary lesion offers no real benefit. Indiscriminate exploration, even in the 
face of a hopeless prognosis, then becomes .senseless mutilation. Unfortunately, 
the only criteria presently available for evaluating the operability of these 
patients are those obvious factors which are immediately apparent on consider¬ 
ing the subject. We can only hope that as further experience is accumulated, 
more specific factors may appear, allowing a more realistic selection. In spite 
of this, and especially in view of the significant survival figures shown above, 
we believe that adherence to the following criteria will prove rewarding. 

CRITERIA FOR EXPLORATION 

Control of the Primary .—In any such case coming to exploration, it must 
first of all be established beyond reasonable doubt that the original cancer has 
been eradicated. Tumors of the extremities, breast, oral cavity, and the like, by 
their location, lend themselves to easier evaluation. Where any doubt may 
exist they are readily accessible to biopsy. Alexander and Haight^ report 
biopsying the primary site because of induration and ulceration following radia¬ 
tion therapy in a man who had had a fibrosarcoma of the thigh locally excised 
twentj'^-one months previously. This patient is known to have survived beyond 
eleven years following lobectomy. Abdominal cancer on the other hand must 
be evaluated by less tangible factors. The type and grade of malignancy, to¬ 
gether with the findings at the original operation and the type of primary treat¬ 
ment used must all be considered. Ideally, a sufficient time interval should 
have elapsed between the primary treatment and the appearance of metastases 
to form some judgment on the basis of the expected eour.se of the tumor in 
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question Unloitunatcl\ inetastases aic tiequcnfh picsent at the time tlio 
piimai\ giontli is Oist tliagnosiil, oi sIioitiA tlioicailci, aiid the decision iniist 
then, ot neeessits, bo made on less satistacton cMdtnce 

Absence of Othci Meiastascs —eaieiiil csainination should he nndeitaken 
to deteimino tlic presence of othcj metastasps This should include especialh 
the legional hnipliatips, eential nciions sistem, skeleton, and ani otliei aieas 
foi ivliich the imman has a knoivn jiicdilectioii While inetastases in tivo dif- 
feient locations mateiialh ivoisen the piognosis, even this situation mav he 
aiiienahle to suigieal inteivention in laie iiistaiiees Effler and Blades’ lepoit 
a ease in which a lobeetomv foi eaicinoina, metastatic fiom the sigmoid, was 
followed five months latei hv the lenioval ot an mtiaoianial metastasis This 
patient was alive and well one and one half jcais following the piilmonaiv le 
section 

Accessibility to Resection —The ideal lesion foi icsection is a single, dis 
ciete metastasis confined to one lobe oi segment The piosenee ot more wide 
spiead pulmonai) involvement does not ot itsell contiaindicate exploiation, 
piovided the patient has sufficient pulmonarv leseivc to witlistapd moie e\ten 
sue lesection On the othei hand, the piesenee oi lecuiiont lanngeal ot 
pliienie neive involvement, pleuial effusion, oi direct estensioU to the ehest 
wall, iisuallv signifies uiiiesectihilitv and these should geneinllv he consideied 
as contraindications to exploiation While the uncomiortahle possihilrtv that 
otliei small undetectable motastases mav cocMst is evei picsont, tins risk must 
be accepted whore the otliei factors iiidieatc a good chance oi success In this 
connection, the use of chest lamuiogiaphv is cxtienielv risetul in dcnionstrating 
nretastases which mav not be appaient on conventional chest films 

Type of Pumary Tumoi —Analvsis of the 109 reported cases reveals that 
65 were caieinoinas and 38 were sarcomas In 6 cases, the primarj was either 
rinltnown oi not stated On the other hand, among the 19 patunfs who survived 
two veais 01 longei, there were 8 carcinomas and 11 saicomas In view ot the 
normal preponderance of piiiiiaiv carcinoma ovei saicoma, these figures iiidi 
cate tint localized, accessible metastascs occur moie fieqitontlv in the saiconia- 
tous group Also, the twojeai survival hgitics showing a greatei number oi 
sarcomas despite a sniallei original group indicate a moie favorable prognosis 
However, the small number ot eases in this senes piobahlv does not allow tniiioi 
tvpe to he used as an adequate criterion 

The following ease illustrates the ideal situation in which the primarv has 
been well and adequatelv dealt with, and a solitarv pulmonaiv metastasis, which 
IS suigicallv accessible, represents the onlv remnant of disease Admittedlv, the 
ineideiiee of such cases is low, vet the evidence that a good lesult is obtainable 
imposes the obligation to evaluate all possible cases loi surgical intervention 

Casf 1 —'P H, a 66 jeai old nnn, first ndmittod to Hines Hospitil on Sept 14, 1042, 
VMth a diagnosis of rectal tumor Biop*?^ revealed m mlenocarcinonn, and on Sept 21, 1042, 
an abdominoperineal rc&ection uas performed with m uncomplicated postoperative courve 
IIo was readmitted m Vugust, 1044, with complaints of inolena and upper abdominal pain 
Gastiointustinal \rajs rtvealed a duodenal uletr and on medical managfoient thorn was 
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prompt disappearance of symptoms. There was no evidence of local recurrence of the rectal 
malignancy; however, a rounded, discrete mass, felt to represent a metastasis, was noted in 
the left lower lobe (Fig. 1, A). At this time, he was transferred to another institution for 
domiciliarj' care. He was again readmitted on April 17, 1946, because of intermittent bouts 
of diarrhea, a complaint which subsided promptly with dietaiy adjustment. Chest x-ray at 
that time showed the lesion in the left lower lobe to have increased considerably in size (Pig. 
1, B and C). Since he had then passed three and a half years without evidence of local 
recurrence, and the pulmonary lesion, if metastatic, was possibly the sole residual of the 
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disease, it was decided that an attempt at removal sliould be made. On April 30, 1046, a 
left lower lobectomy was performed vith an entirely uneventful postoperative course. The 
histologic sections confirmed tlio diagnosis of metastatic rectal adenocarcinoma (Fig. 1, D and 
E). He was then returned to domiciliary care, where ho died on August 29, 1951, liaving 
survived five and a half years following the removal of the metastatic lesion and nearly nine 
years (eight years and eleven months) following his primarj* surgery. Autop.'^y -revealed 
death to be due to a cascating tuberculous pneumonia and carcinoma of the tail of the pan¬ 
creas with liver metastases. 





^ /}• 7 “ >*f? 


c^-*v 



_ fc? 

Fif^. 1 (Cant'd). 

D, Photomicrograph In primary tumor of the rectuni, .showing a rather typical adono- 
c.arcinoma. 

E, Piiotonilcrograpli of the pulmonary lesion shows a Je.ss well-differentiated tumor hut 
the pre.servation of the rathei typical pattern conflmts Its metastatic nature. 


SECOND PRIMARY LESIONS 

Hood and co-workers,® in a recent review of a large group of solitary, cir¬ 
cumscribed iiulmomiry masses, sliowed an incidence of 42 per cent malignancy 
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in nonealeified, lesions, and emphasized the importance of exploration in all 
such cases. One may reason from these statistics and from the increasing inci¬ 
dence of pulmonary carcinoma in recent years, that even in patients with a 
prior history of malignant disease a circumscribed pulmonary lesion will, in a 
certain percentage, represent a primary tumor of lung. That the percentage 
of these second primaries may actually be significantly high became apparent to 
us in revieAving our material. Our original group of patients explored for sup¬ 
posed pulmonary metastases numbered 22. Of these, only 18 lesions could be 

A. B. 
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Fjff 2 (Coiit'd) 

}:, Pliotoniicrograph of the origiml tumor Jn the a«?cen(Ilng colon, lepre^icntmc; a typical colonic cxiienocaicinoma 

F. PliotomlcrograplJ of piilmonaiy Uimor, hearing no similarity to the original colonic neopUism. ThW is a liighly im«l toron atod 
tvimor arising in lung 

(?, Section of IHer showing a metastatic lesion nlcntlcat to the pulmonary tumor. 
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definitely established as metastatic. Of the remaining 4 eases, 3 are well sub¬ 
stantiated as primary pulmonary lesions, Avhile the remaining case, by its clini¬ 
cal course and histologic picture, is far more likely to be primary than secondary. 
This is an incidence of 18.2 per cent primarj^ lesions in our series (Table III). 
We are herewith repoi’ting these 4 cases in detail. 


Table III. All Pulmonary Lesions 


TOTAL CASES 

METASTATIC LESIONS 

SECONPARY PRIMARY LESIONS 

NUMBER 1 PER CENT 

NUMBER 1 PER CENT 

22 

18 81.8 

4 18.2 


Case 2.—tV. C., a 58-year-old man, -was readmitted on June 4, 1952, with complaint of 
a chronic productive cough of several months’ duration. He had been previously hospitalized, 
in 1948, at which time a right hemicolectomy was performed for adenocarcinoma of the ascend- 



A. B. 

Fig. 3.—Case 3. 

A, Retrograde pyelogram A filling defect is noted in the left renal pelvis 

B, Chest x-ray reveals a discrete lesion partially overlying the left fourth anterior rib. 

ing colon (Fig. 2, F). Ho then remained asymptomatic until shortly before his second ad¬ 
mission. Chest film of May 20, 1952, revealed the presence of a discrete mass in the periphery 
of the left lower lung field. Eeview of past films showed the lesion to have been first visible 
one year and nine months previously, although unidentified at that time (Fig. 2, A, B, C, 
and B). On June 26, 1952, a left pneumonectomy was carried out, and the histologic sec¬ 
tions showed an undifferentiated bronchogenic carcinoma (Fig. 2, F). He died on Oct. 18, 
1952. An autopsy revealed the cause of death to be massive liver metastases from the bron¬ 
chogenic carcinoma (Fig. 2, G). No evidence of remaining adenocarcinoma could be found. 

Case 3. —C. P., a 56-year-old white man, was admitted to the hospital on March 19, 
1951, in cardiac decompensation with a history of a chronic cough and progressive dyspnea of 
two weeks’ duration. At the time of admission, he was acutely ill, requiring nasal o.vygen 
and lapid digitalization. He responded rather rapidly, however, and by the end of one week 
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the licart A>as \\ell compensated. Chest x-ray at that time showed a rounded 3 cm. mass in the 
superior ‘icgmcnt of the loft louor lobe (Fig. 3, f*). Blood chemistry, sputum examination, 
and bronchoscopy were nonrevealing; howc^el, an intra\cnous pyclogram demonstrated a filling 
defect m the left renal pelvis, a finding which was confirmed by retrograde pyelography (Fig. 
3, A). Left nephrectomy was performed, on May 11, 1951, confirming the diagnosis of 
papillary carcinoma of the renal pehis (Fig. 3, C). In the belief that tJio pulmonary lesion 



Fiff 3 (Conf'rf) 

C, Photomicrofe'iaph of the renal tumor. Tlio impdlary nature of the lc«lon is demon- 
stratctl 

D, PhotomicroErraph of iiiiImonar> lesion 


represented an i«!olatcd, synchronous metastasis, a wedge re'-oction of the ma«s was accom¬ 
plished at thoracotomj' on Juno 4, 1951. The tumor was immediately sent for fro7cn ♦section 
examination The pathologist reported that the lesion, although an epidermoid carcinoma, 
failed to resemble the renal lesion in degree of differentiation, or in architecture, and was 
most likely of bronchial origin, an opinion subsequently confit ’’ the ,anent sections 
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(Fig. 3, A). On tlic basis of this finding, the patient -was jeturned to suigory five days 
later, and a left pneumonectomy nas performed. The patient made an uneientful recovery, 
but succumbed eight months later in congestive heart failure, uithout clinical evidence of 
recurrence of either malignancy. Even though the possibility that these two lesions represent 
a primary renal tumor and a synchronous pulmonary metastasis cannot be contested with 
finality, the opinion of the revieuing boaids designated the pulmonary lesion as being dis¬ 
tinct from the renal lesion. On the basis of tlic considered opinion, this patient is listed as 
harboiing two distinct carcinomas. 



A. 



c’ Chest x-ray m lateral view of B, 




Fig 4 iContd) 

D, Photomicrograph of gastric lesion showing tjplcal adenoc irclnonm 
r Photomlcrograpli of pulmomrs lesion showing broad sheets of plcomorplilc oplthelfal 
colls No gland formation Is seen 

F, Section of right adrenal showing extensne Infiltration b> tumor cells similar to 
those seen In the pulmonary neoplasm ^ 

.r*-- 







Volume >\ 
Number 3 


JIi:T4STATIC PULMONABl M4LTGN4NC1 


311 


Case 4—P S, a 55) car old man, ^^as readmitted to limes Hospital on Aug 21, 1951, 
with the complaint of persistent aclnng pun in the right posterior chest of tno ueel s’ dura 
tion He had been di<5elnrged from the hospital two months previoush following a subtotal 
gastric resection for adcnocarcinom i of the antrum (Pig 4, D) Chest t ra) of April 24, 
1951 (Fig 4, A), prior to the gastric sargen, revealed scarring and fibrosis compatible i\ith 
an old tuberculous process in the right apc\ 4 small triangular density noted laterall) at 


D 



r 

Fig 5 (Contrf) 

D Photomicrograph of a section of Iirj'ngeal lesion slowing a typical squamous cell 
carcinoma 

U Photomicrograi h of pulmonaij tumor showing again a tjplcil squamous cell c ir 
cinoma 


the lc^d of the right fourth autenor rib was fUt to n.preseut a reactisation of the tubercu 
losis Sputum smears and cultures were, however, negative on this admission Chest film 
tahen at the time of rcadmission showed marhetl increase in the size of this lesion n rounded 
discrete density measuring 4 5 cm in diameter now licing Msible m the bi«t of the righf 
upper lobe (Fig 4, B and C) In the belief that this represented a a* 
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right thoracotomy was carried out on Sept. 28, 1951. The lesion nas found to cross the 
fissure involving the nuddle lobe and had extended into the cliest wall at the level of the 
third and fourth lateral interspaces. A light uppei and middle lobectomy \\erc pci formed 
with considerable difficulty due to exTensivo vascular adhesions to the mediastinum and 
parietal pleuia. Persistent oozing from these surfaces uas encountered throughout the pro¬ 
cedure which required four and a half hours for completion. Ee-e.vpioration uas performed 
SIX hours later because of continuing hemorrhage, but pioved futile, and the patient died four 
hours later. Histologic study of the pulmonaiy lesion .showed a very anaplastic tumoi made 
up of closely packed sheets of poljdicdral cells, without any attempt at gland formation (Fig. 

4, JS). At autopsy no local peisistcnce of cither gastric or pulmonary lesion could bo found. 
There was, however, almost complete replacement of the right adrenal by an undifferentiated 
tumor similar to that found in the lung, a circumstance which supported the diagnosis of 
bronchogenic carcinoma (Fig. 4, F). 

Case 5. —F. L., a 44-year-old man, was first admitted to Hines Hospital on July 20, 
1953, with a diagnosis of tunioi of the larynx. Past history revealed the on.sot of chronic 
cough and hoarseness fifteen months prior to admission. Diicct laryngoscopy and biopsy weie 
carried out a short time later and a diagnosis of carcinoma of the left true cord was made. 
He then received deep radiation therapy, consisting of 35 treatments (the factois of which 
are unknown) with complete subsidence of symptoms and disappearance of the lesion. Throe 
months later, however, tlierc w'as a recurrence of the tumor wliich w'as then treated by radium 
for a total of forty-one hours, again with good subjective and objective improvement. Five 
months before admission to Hines, a second iccurrcncc appeared, and on Ins first examination 
here a fungating lesion was found involving both tiue cords with supiaglottic and infraglottic 
extension. A total laryngectomy w-as pci formed on Aug. 13, 1933, without difficulty (Fig. 

5, A). There was no evidence of extralaryngeal extension and the cervical nodes were free 
of involvement by gross and microscopic examinations. A preoperative chest x-ray on this 
patient had demonstrated a discrete lesion involving the right upper lobe of tlic lung (Fig. 
5, B and C). Consideration of this lesion had been deferred until the laiyngcal surgery 
could bo accomplished. On Sept. 16, 1933, an e.xploratory thoiacotomy was perfoimed. A 
hard mass, rather centrally placed, was found in the right uppei lobe. ^ Tliere was extension 
of tumor along tlio upper lobe bronchus to the tiaclieobroncliial angle, Avith massiAO metastatic 
lymphadenopathy in the legion of the superior pulmonary vein and posteiiorly along the 
esophagus. The lesion A\as not leseclable, and the chest Avas closed after biopsy. Histologic 
study showed both the laryngeal and pulmonary tumors to be squamous cell in origin and to 
be comparable in differentiation (Fig. 5, D and B). It A\as felt, however, that the absence 
of cervical lymph node involvement, tlio usual site of motastases from the laryngeal tumor, 
togethei Avith the finding of massiA'C mediastinal and hilai lympli node involAcmcnt, undoubtedly 
secondaiy to the pulmonary lesion, supported the diagnosis of separate piimary tumors. 

DISCUSSION 

It lias long been knotvn and accepted that, in most in.stancos, tlie nature 
of a localized or rounded intrapulmonaiy density cannot lie determined except 
by histopathologic section. When this circnm.s1ance occurs in an individual 
who has harbored or does at that time harbor a known neoplasm ol malignant 
mien, the probability that the pulmonary lesion is likewise a neoplasm is un¬ 
doubtedly increased. The inclination has been to consider Ihe pulmonary lesion 
as representing a metastatic deposit from the original neoplasm because the 
lungs form such a predilect site for tlic deposition of such lesions. 

The increased incidence of bronchogenic carcinoma, particularly in the male 
sex (our scries is composed entirely of men), highlights the possibility that a 
second neoplasm occurring in a man would be of such nature. Even thougdi 
metastatic lesions to the lung may lodge in such manner as to involve the 
bronchus, the classical roentgen picture is, however, that of a discrete paren- 
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cliymal shadow. It is that select group that lias interested us. Thus, wo have 
intere.sted ourselves only in the iiossiblc incidence of a bronchogenic eai'cinoina 
occurring under circumstances that would be most confused with a metastatic 
])ulmonary lesion. There is no available means of determining whether such a 
lung lesion represents a metastasis or a new tumor, and at times this is so 
even when both lesions are sub.iected to microscopic examination because bron¬ 
chogenic carcinoma can resemble tumors arising in otiier organs. From a clin¬ 
ical standpoint, to be able to decide this issue accurately would be very gratify¬ 
ing because it is suggested in our experience (Case 1) that metastatic tumors 
may lemain localized for a reasonably long period of time even though the pos¬ 
sibility of producing daughter metastascs must be considered. If advantage 
were taken of such time, greater assurance might be had coneerning the solitary 
nature of the metastatic involvement as well as further observations concerning 



A. B. 

Fis G.—Case G. 

Chest x-ray reveals a discrete lesion o\erljInp the right second anterior rib. 

B, Chest x-ray in lateral view of A. 

the degree of control at the primary site, thereby avoiding some futile opera¬ 
tion. On the other hand, we are hesitant to take this time for observation be¬ 
cause there is no such “period of grace” in the event the lung lesion represents 
a second primary- carcinoma. This is clearly illustrated in Case 2. 

IVc, thus, are left with no alternative but to be bold in attacking disei'ete 
pulmonary densities under such cireumstanees. The followirrg case serves to 
errrphasize this poirrt, since from a number of aspects the probability of a new 
pulmorrary growth was suggested, yet the tumor proved to he metastatic. 

Ca.se 6.'—J. K., a 6G->ear-old man, nas adniittcfl on Oct. S, 19o3, for repair of a ventral 
licrnia liad been present since 1945 when he uixlcrwcnt an anterior rejection of tlic 

colon for ob'^tructinj; carcinoma. Since tins surgery, the patient liad been fnlloued at inter¬ 
vals of six months and had shown no evidenee of recurrence. Phy.-s/cal e.xaminntion was 
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entirely negative except for a large, left-sided incisional liernia. A chest x-ray, however, 
showed a discrete lesion in the right upper lobe (Fig. 6, A and B). Because of tiic long 
tumor-free interval, the absence of other nietastascs, and sliglit prominence of the upper 
portion of the right hilum, a tentative diagnosis of bronchogenic carcinoma was made. Bron¬ 
choscopy was nonrevealing. On Oct. 23, 1953, a right thoracotomy was performed. The 



rPhoL^rSraph of the colon lesion showing a typical adenocarcinoma of the 
*nm;es its colonic origin. 

; being unmistakably metastatic in origin (Fig. 6, C a d ). 




PLASTIC repair of ESOPIIAGEjUj FfSTULA OF TUBERCULOUS 
ORIGIN WITH A DJAPURAGMATJC CUFP’’ 

D. Lazar, M.D. 

Budapest, Hungary 

pTSTULA of tlie esopliagus, due to casealioji of llic Jymphatie glands, has 
1 appeai'cd liitliej-to only in autopsy materia]. Among 7,000 autopsies, Vim- 
trup found 1,600 eases of tubei'culosi.s, of wliieh only 2 cases wei’e of the esoph¬ 
agus. On investigation of 100 autopsies of tuherenlons eliildren, Sterjiberg 
discovered perforations in two eases only. 

Jn half of all eases, esojdiageal tuberculosis seems to have its origin in Ihe 
caseous degeneration of the lymphatic glands in the area of Ihe hilus, and is 
therefore localized in the middle third of the esophagus. The appearance of 
tuberculosis in the upper third of the esophagus is less common. Jt is most 
infrequent, according to JIackcl, who found it in only 12 per cent, in the in¬ 
ferior third. 

^ Hackel, Pfeiffer, and Nawratil tried to .strengtheii the .suture of the eso¬ 
phageal wall, which lacked serosa and was inclined to lu'cak open, by a muscle 
dap taken from it.s .s'lin-ounding. The idea was not new, but these e.xperiments 
had hitherto been confined exclusively to the cervical part of the esophagus. 
For the graft the sternocleidomastoid mu-scle was generally used. They tried 
to a])proaeh the fistulas of the cei'vical esophagus ai'ca by way of a posterior 
icdiastinotomy extrapleiu'ally. According to Sanerbruch, the results were 
isillusioning. 

A lecture delivered by Professor Petrowsky at the Academy of Buda])est, 

which he reported replacing the lower part of the esophagus with a dia- 
hragmatic cuff, induced me to attempt to .sti’cngthen the suture of the esoph- 
gus with a pedicled flap taken from the diaphragm, following the surgical 
xcision of a tuberculous fistula in the lower third of the esophagus. 

CASE lUSTOItY 

Tho hisloiy of Uic patient, is us follows: E. G. arrived at tlic Fiist Surgical Clinic 
[' Budapest on April 8, 1051. She had been operated upon six jnonth.s before at a country 
ospital, and since that time the fistula in her abdomen Jiad boon suppurating. 

The filling of the fistula with contrast substance held a surprise, for it could be 
early seen that tlio abdominal fistula communicated rvith the diaphragmatic part of tho 
jopliagus (Fig. 1). No penetration of tho contrast substance into the fistula could bo 
(cartainad wfion patrant swadowed. 2C-ray of iho esophagus .showed no pathologic 
tcration wdiicli could have explained the perforation. 

The following information was obtained from tho hospital where the previous oiieia- 
on had been porfoimod; “Operation toolc place Oct. 18, 1950. Prcopciative radiogr.'iphy 

From .SurKlcal Clinic I, Jtuclapost, Hungary; Dlieetor: Prof. Dr. Scbc.iU-ny. 

Ilccoivod for publication Match 14, 1955. 
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on a horizontal level sho^^ed an abscess cavitj*, the size of a small nut; in tlio right sub- 
phrenic region near the vertebral column -nith an air shadow above it.” Tlie abscess was 
opened by laparotomy, and penicillin was applied followed by drainage. It was noted that 
the site of the nut-sized abscess cavitj 1105 in the anterior medial part of the riglit sub 
phrenic region. 

In the search for the etiology of the abscess, a roentgenogram uas made of the spinal 
column, vhich showed that the intervertebral spaces i\ere intact. X-ray examination of 
the thorax was negative. 'Westergren rate was 38 per 56 mm. E’^ophagoscopy showed no 
fistula. Number of leukocytes vas 7,900. AVassermann reaction vas negative. The quali¬ 
tative blood examination showed relative l 3 niphocjtosis. 

First, conservative therapj’ was tried. During the following tvo veeks, a dail} doso 
of 1 c.c. potassium permanganate solution uas given, but as this treatment turned out to 



Fig. 1.—The communication of the alnloininn] fistula ^Mth the Io^\e^ part of the esopliagub Mat. 
plainly demonstrated after the use of a contrast medium 

be ineffective, during the next two weeks the fistula was cauterized with silver nitrate. 
The fistula still persisted. Thereafter, cverj- third daj’ a blood transfusion was given, 
and 0.25 Gm. of streptomj’cin was injected into the fistula daih. After two weeks, the 
secretion was much reduced, but a roentgenogram show'ed tlie fistula unaltered, and the 
opening into the esophagus was still present. 

Since the prolonged conservative tlierapj proved ineffective, an operation was de¬ 
cided upon. "With preliminarj- pneumothorax and after adequate treatment of the heart, 
other-narcosis was carried out with positive pressure produced bj- an apiiaratiis after the 
method of Visnycvszkij with thoracolaparotomy. The fistula w as reached 1)3* diaphrag- 
motomy, and the right posterior wall of the diaphragmatic part of the esophagus was 
entered. After careful isolation, the fistula W'as excised from the esophagus and the lentil- 
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sized Tv'ound M^as sutured with interrupted sutures in two layers. We covered the esoph¬ 
agus with a 2-inch pedicled cuff-shaped flap, taken from the diaphragm at the level of 
the suture (Eig. 2). 

The distal part of the fistula was resected, then the skin was closed by interrupted 
sutures. The diaphragm could be reconstructed satisfactorilj. Using a thin Pezzer 
catheter in the thorax, the lungs were inflated and the thorax was closed. Through the 
Pezzer catheter, 200,000 units of penicillin was injected into the thorax. The abdomen 
was then closed and a thin rubber tube was introduced into the wound. 


During the operation, 300 c.c. blood was administered by drop infusion. The patient 
withstood the operation well. During the first 24 hours, she received 40 c.c. of 10 per 
cent sodium chloride, 60 c.c. dextrose intravenously, 1.5 L. physiological sodium chloride 
subcutaneouslj' and 2 L. reetally (Katzenstein). Penicillin was given parenteralty, 40,000 
units every 6 hours. 

This therapy uas continued for six da3's nith a blood tiansfusion of 200 c.c. every 
second day. On the fifth day the patient received some bitter tea, a spoonful at a time, 
on the sixth day some soup, and on tlie eighth day pulpy food. During the first three days. 



Fig. 2.—Between the two arrows the pedicled flap of diaphragm is seen about to be dravn 
over the fistulous opening of the esophagus 

the pleuial secietion was removed through a Pezzer catheter 4 or 5 times dailj', and 
50,000 to 60,000 units of penicillin was injected into the thorax. 

On the fifth daj^, radiography showed that the lung was entirelj' expanded and there 
was no secretion in the thorax, so that the Pezzer catheter could be removed. The ab¬ 
dominal fistula had been injected with 40,000 units of penicillin every second day, and 
the rubber tube also was removed on the fifth daj’’. The fistula and the wound healed 
without any complications. 

As the patient had had no history of a possible perforation caused by a fish bone or 
some other tiny foreign body, and as the whole clinical picture from the beginning indi 
cated a specific cause, during the operation one of the pre-esophageal Ij^mphatic glands 
was removed for biopsj". This showed lymphadenitis chronica tuherculosa. On the peri¬ 
toneal side of the piece cut out from the diaphragm for histologic examination, tuberculous 
granulation was found as well. Since we found a necrotic lymphatic gland penetrating 
into the esophagus and the histologic finding verified our suspicion, the etiology of the 
process was judged to be tuberculous. The preoperative radiographj', which showed an 
air shadow in the abscess cavity-, also pointed to this, as the abscess had probably com¬ 
municated with the esophagus. The operative opening of the abscess had completed the 

fistula. 
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The patient was examined postoporatively six months later. Her condition had im¬ 
proved a great deal. She had gained 6 kg. and was asymptomatic. Radiography sliowed 
that the contrast substance entered the stomach without hindrance. The patient was seen 
several times during the next four years. When last seen she was still without symptoms 
and was employed ns a factory worker. 

The case reported indicates that a diaphragmatic cuff is, in suitable cases, 
a reliable method of closing fistulas of the inferior third of the esophagus. 
This operative method seems to give an effective and durable solution to a 
rare disease. Study of the available literature failed to show a similar case. 
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ANAPHYLACTIC SHOCK PRO]\I INTRAPLEUEAL 
STREPTOKINASE-STREPTODORNASE 

W. C. Shands, M.D., AND J. Harvey Johnston, Jr., M.D. 

Jackson, Miss. 

INTRODUCTION 

QTREPTOKINASE and streptodornase are proteoljJic enzymes, deriA-ed from 

cultures of hemolytic streptococci, which are useful in enzymatic debride¬ 
ment. Streptokinase produces fibrinolysis by activating plasminogen (nor¬ 
mally in human serum) to plasmiu, which splits fibrin causing dissolution of 
blood clots and fibrinous exudates. Streptodornase liquefies desoxyribose 
nucleoproteiii, which may constitute 30 to 70 per cent of purulent exudates. 
These enzymes are marketed commercially bj’- Lederle Laboratories as Vari- 
dase. They have proved very useful intrapleurally as "biologic curettes" in 
treating clotted hemothorax and certain empyemas. 

The following ease is reported because of the unusual serious toxic re¬ 
action following its use: 

CASE REPORT 

L. J. Z. (St. Dominic’s, 54-23904) was admitted to the hospital on June IS, 1954. 
Thirteen days pre%’iousl 3 ' he had sustained lacerations involving the left upper extremity, 
the right shoulder, and the right chest. There were two ribs exposed. The lacerations 
had been sutured in a doctor’s office. Four days later he began to run a low-grade fever 
which spiked progressively higher and was associated with chills and with pain in the 
right chest and shoulder. On admission the patient appeared acutely ill. The blood pres¬ 
sure was 124/80; the temperature was 101° F.; the pulse was 88; respirations 24. The 
lacerations had healed well. There were dullness and decreased breath sounds in the lower 
right hemithorax. Chest film showed extensive haziness of the lower two-thirds of the 
right lung field. The patient had Grade II superficial varicosities of the lower extremities. 

Multiple attempts at thoracentesis were done yielding only 40 c.c. of clotted blood. 
It was obvious that the patient had an infected, clotted hemothorax. 

The following day 100,000 units of streptokinase and 25,000 units of streptodornase 
were injected into the right pleural cavity after aspirating with difficulty 60 c.c. of old 
blood. Twenty-four hours later 1,000 c.c. of serosanguineous fluid was removed; 400 c.c. 
was removed the following day. The gratifjdng response to this therapy led to its 
emplo 3 ’ment on the fourth daj' after admission. Following the second instillation, the 
patient had elevation of temperature to 104° F. and had some generalized itching. Follow¬ 
ing the second instillation of intrapleural Varidase, 1,500 c.c. of fluid was withdraw n. 

On the eleventh da.y following admission a third intrapleural administration of 
Varidase was given. Four hours later the patient presented generalized giant urticaria 
followed b.y elevation of the temperature to 106° F. He then passed rapidlj- into a state 
of profound shock. Blood pressure was not obtainable. Vigorous treatment with anti- 

From tlic Surgrical Clinic, Jackson, Miss. 
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histaminiC'?, o\ygen, pressor agents, including I artercnol* intravenously, cortisone (and 
later ACTH) was instituted. On continued infusions with I arterenol, his blood pressure 
was maintained at about 70/40. Chest film revealed no evidence of fluid accumulation 
in the right pleural cavity or mediastinal shift (Pig. 1). Physical examination by several 
ob’'er\ers concurred in this. Tlie 1 arterenol infusions had to bo maintained for three days 
before spontaneous circulator^' stability was evident. During administration of the 
1 arterenol in the saphenous \cins on both ankles b}' “cut downs'* with polyetlnlcne tubing, 
there was some extravasation of the V'asopressor agent with resultant slough of the skin 
above the medial malleoli. Debridement and skin grafting of these mens were later 
necessary. 

On July G, 1954, 250 c.c. of straw-colored fluid was withdrawn from the right pleural 
cavity. Following this there was complete clearing of the right pleural cavdty. He now 
well and asymptomatic nine months after this severe anaphylactic reaction. He em¬ 
phatically v\ill not <5ubmit to skin testing to check on intradermal sensitiv’ity to A'^arklasc. 



Fiff. 1—Portable chest film taken duringr period of annphjlactic shock showing no significant 

mediastinal shift 

DISCUSSION 

Varidase acts bj- liquefying fibrin and nucieoprotein, tlius facilitating the 
easier removal of clotted blood from tlie pleural cavity. Frequent aspirations 
are advised to provide good drainage. 

Minor reactions may occur and arc usually pj'-rogeuic, following within 
four to six hours after tlie administration of the drug. Malaise, lieadaclie, and 
nausea are present in about 50 per cent of tlie patients. 


•Levophed, 'Winthrop-Sterns, Inc 
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In 1952, a fatality following the intrathecal use of Varidase in a patient 
with tuberculous meningitis was reported.-” Baum and Oransky^ reported a case 
of circulatory collapse folloAving the initial instillation of streptokinase and 
streptodornase in the pleural cavity. This patient Avas greatly benefited by tlie 
aspiration of 2,300 e.c. of fluid from the right pleural cavity, and an additional 
1,500 c.c. Avas AvithdraAATi the same day. The authors felt that this was an in¬ 
stance of anaphjdaetie shock. HoAvever, Miller and Long^ in discussion of this 
case, disagree AAUth this assumption, pointing out tliat the difficulty Avas caused 
largely by the rapid accumulation of pleural fluid Avith resultant mediastinal 
shift and cardiorespiratoi'y embarrassment. They' adA’ised intercostal catheter 
drainage Avitli connection to a Stedman suction pump to provide more adequate 
drainage of the pleural cavity in all but minimal instances of hemothorax. 
Miller and Long* stated that despite a very Avide experience in the use of 
Varidase inti’a 2 fleurally they had encountered lao allergic or anaphylactoid 
responses. 

Goehring and Grant^ report a case Avhieh they interpret as anaphjdactoid 
reaction folloAving the use of a single intrapleiu-al injection of streptokinase- 
streptodornase. A fcAv hours later, the patient complained of chest pain and 
dyspnea; the blood pressure dropped to 70/40 mm. Hg and the pulse was rapid 
and thready. His condition remained critical until the next day Avhen 600 c.c. 
of dark blood was removed by left thoracentesis. Chest film the folloAving day 
showed “considerable increase in the amount of fluid in the left side of the 
chest. . . . The mediastinum and heart were displaced to the right.” Skin test 
Avith streptokinase-streptodornase five Aveeks later Avas markedly positiA^e Avith 
severe edema and redness of the entire flexor surface of the forearm and 
axillary adenitis. Although this points to sensitivity, it is not knoAvn Avhether 
this existed at the time of the serious initial reaction. Thus, it is easily possible 
that this shocklike state Avas not due to anaphylaxis but to mediastinal shift 
due to an increasing pleural effusion. 

There can be little doubt that the case recorded here represents one of true 
anaphylactic shock resulting from sensitivity to streptokinase-streptodornase. 
Repeated physical examination and one by x-ray shoAved no evidence of 
significant pleural effusion or mediastinal shift. Thoracentesis Avas not done 
during the seAmre reaction and had nothing to do Avith the successful outcome. 
In retrospect, it is obAdous that too little attention Avas paid to the generalized 
pruritus experienced after the second injection of drug; this Avas probably 
a lesser allergic phenomenon. 

CONCLUSION 

The case of a severe, fulminating, near-fatal anaphylactic reaction folloAiIng 
the third intrapleural injection of streptokinase-streptodornase is reported to 
emphasize the definite antigenicity of the drug, Avhich apparently increases 
A\dth repeated injections. 

The use of intradermal testing should bo further investigated to oA'aluate its 
usefulness. 
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Careful searcli for minor allergic manifestations siicli as iirticaria and 
pruritus should he made after each injection of the drug so tliat it can ])c 
j)rompt]y discontinued wJien they occur. 

Prompt evacuation of the intrapleural products of liquefaction is urged 
hy the use of intercostal catheter drainage as suggested by IMiller and Long/ 
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IMMEDIATE TREATMENT OF BRONCHOPLEURAL-PERITONI37\D 

FISTULA 

A Compucatfon op Subpiiuenic Abscbss 

Mu.ks J. Oullickson, M.D., and R. Olknn Swr'i'it, M.D. 

RoCKirOJU), Il.U 

P ERFORATION of a siibplirenic abscess throngli the clinpliragin witli tlic 
loriTiatioii of a bj'oiiclioplcural-pontoneal /islula was fonriCF'ly a fi'C(|iicn1, 
coFnplieation.’’ - Tbo sudden appearance of this addilional burden in a patient 
already acutely ill fi-oin a subpbi-enie abscess places hiin in a pi’ceai-ious con¬ 
dition. The incidence and high morialily of this .serious event have been gj-cally 
rediiced by the employment of earlier and more adcquale surgery, and the anti¬ 
biotics. Immediate and well-planned procedures in eori’oct scfpicnce may 
initiate a rapid and gratifying improvement, as tlic following c.\])eriencc witli 2 
of the.se ca.ses illu.stratcs. 


CASK UKPORTS 


Case 1.—L. T., a man, 44 years of age, uiiderwciifc a gastric resection for (luodomil nicer 
at Swcdisli-Aracrican Hospital, Hockford, Illinois, on Dec. 0, 1952. llecovnry was delayed by 
the development of a right siibplironie ab.sees.s which rvns drained by tlie conventional posterior 
approach (Ochsiicn) on Doc. 22, 1952. The j)aticnt’s lein])orature returned to normal on 
Dec. 28, 1952, and remained so until Jan. 8, 1953, when irregularly elevated temperatures 
reappeared. Drainage from tlic posterior wound had become intermittent, though at times 
it wa.s cpiite profuse. On Feb. 1, 1953, the patient c.xpecloratod increasing amounts of a 
brownish sputum containing chlorophyll, which was also contained in a jireimraliou being 
used to irrigate the posterior wound. lie complained of pain in the right lower chest, and 
severe dyspnea was present. Markedly diminished breath sounds over the right side of tlio 
chest were noted. An x-ray of tlio chest showed extensive infiltration of the lower portion 
of the right lung, and a similar though less severe process on the left side (Fig. 1). The 
fluid level previously noted below the right diaphragm had disa])pearod. 

He was first seen by us on Feb. 2, J953. Extreme letliargy, iveaknoss, and moderate 
disorientation were evident. Cyanosis was pronounced; respirations, 48 per minute, wore 
shallow and noi.sy; and the pulse was 120 per minute and thready. Blood pressure was 80/(10. 
Bronchoscopic asxiiration was immediately performed w'ith a little improvement which was 
not long maintained. The procedure was repeated two lionrs later, followed by a tracheotomy 
with the bronchoscope in the trachea. Tracheal aspirations were then repeated ns indicated. 
On Feb. 3, 1953, ho was doomed suflieiently improved to permit return to the operating rooin 
for drainage of the subphrenic abscess by the anterior subcostal route. Fourteen days later 
the bilateral pneumonitis had entirely' cleared. Eiglitccn day.s later, on Feb. 20, 195.1, he 
was discharged from the hospital. Ilis subsequent convalescence was without incident. 


Case 2.—J, V., an 18-year-old man, was admitted to Swedish-American Hospital for an 
appendectomy, which was performed on Jan. 24, 1952. Following operation a progressive 
temperature elevation was noted. A frank fecal fistula developed on Feb. 2, 1952. la the 
next few days this gradually clo.sed. The pntient temiMuature remaiaed high. An^ x-ray 
of the chest on Fob. 9, 1952, disclosed a right subphrenic, abscess. At 9:45 on J'^eb. 9, 
1952, the patient suddenly coughed up a huge amount of l)loody malodorous sputum. 


Bcceived for publicntion April i, ttlfi.'i. 
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Coiisultntion was requested and the patient was seen b} us at 10 45 p m Hjs temperature 
was 104® F, pul‘?e was 140 per minute and labored Ec^^tle^sne^s, apprehoii'iion, and 
a grajish pallor were noted A foul odor was e\ident e\en at some distance from his room 



L _ i 

FIff 1 —Case 1, L T 



Fie 2—Case 2 J ^ 
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j preparations for operation were being hastened, respirations suddenly ceased 

and blood pressure and pulse became unobtainable. Eesuscitation was achieved after endo¬ 
tracheal intubation. Drainage of the subphrenie abscess by the anterior subcostal approach, 
bronchoscopy, and tracheotomy were then proceeded u-itli in that order. A large amount of 
pus was evacuated. PoUowing surgerj-, the patient’s pulse remained rapid and thready, 
respirations were shallow, and return to consciousness was delayed. A postoperative x-ray 
showed a massive infiltration of the right lung field with a similar though less extensive 
process on the left side (Pig. 2). After the first postoperative day recovery was uneventful. 
Pinal clearing of the pneumonitis was evident on Peb. 25, 1952. He was discharged from the 
hospital on March 2, 1952. Subsequent recovery was complete. 


, DISCUSSION 

Improvement occurred in both these cases once emergency therapy -was 
completed. Both patients would have benefited had there been no delay in 
the application of the several steps employed in the treatment. A bronehopleuro- 
peritoneal fistula occurs in patients with a subplirenic abscess which has not 
been drained or has been inadequatelj’ drained. Its deleterious effects on the 
patient result from the sudden flooding of the respiratory tree with a large 
amount of pus. Treatment is properly dii’ected at the removal of this material 
from above by means of aspirations b3’' wa}-- of bronchoseopj^ and tracheotomy, 
and from below b.v adequate drainage of the subphrenie abscess. In the first 
patient, L. T., there was dela.y of two hours between the initial bronchoscopy’- and 
tracheotomy, and eighteen hours between tracheotomy’ and di’ainage of this 
abscess. In retrospect, it is felt that little was gained by’ deferring the drainage 
for that length of time. In the second patient, J. V., bronchoscopy and trache¬ 
otomy’ were delay’ed while preparations were made to do all three procedures at 
the same session in the operating room. Bronchoscopy and tracheotomy should 
have been performed immediately. A fatality nearly resulted from this error. 

Local anesthesia is usually preferred for all indicated surgical procedures 
on these patients. The tracheotomy may be maintained indefinitely, since it 
greatly assists and accelerates the frequent clearing of the trachea and bronchi 
which is desired during the first few postoperative days. It also promotes a 
more effective pulmonary’ ventilation in these acutely’ ill individuals.® Position¬ 
ing of the patient to facilitate drainage from below is of importance. 


COXCL.USIOKS 

The sudden appearance of a bronchopleural-peritoneal fistula in a patient 
with a Imown or suspected subphrenie abscess presents a situation which calls 
for these procedures: (1) immediate bronchoscopic aspiration, followed directly 
by (2) tracheotomy’, which in turn should be followed as soon as possible by’ (3) 
adequate drainage of the subphrenie abscess. 
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CONGENITAL ANEURYSM OF TUB SUPERIOR VENA CAVA 
6. II. La\\tjence, jM.D., and T. H. BuRroBD, JM.D. 

St. Louis, Mo. 

S pontaneous venous aneurysms are of rare occurrence. Two eases, located 
in the superior mediastinum, have been reported in the literature.^ = An 
additional case with successful .surgical excision constitutes this report. 

CASE REPORT 

B. D. (No. 021C2), fi 52-ycar oUl housewife, entered Barnes Hospital on March j, 
1953, complaining of pain located along the thoracic vertebrae. Tlii*? had occurred over tlic 
previous two 3 ears and was associated with increasing cNertional d 38 pnoa. Tliero was no 
histor}* of chest trauma or pre\ious surger}'. An out'»ide x ra 3 ' w.is reported as showing a 
mass 111 the mediastinum, extending into the right lung field. 

Pliysical examination, elcctiocardiogram, and laborator 3 ’ data were noncontributoi}*. 
An x-ra}’ revealed a mass located in the right superior medlnstinura which pulsated minimall)' 
during fluoroscopy (Fig. 1). 



Figf. 1 —Preoporatl\e chest x-ray shcrwingr the aneurysm In the nprlit mediastinum 

Operation was performed on March 9, 3953. Under endotraclieal gas ox>gcu*ether 
anesthesia a right posterolateral thoracotomy' was made through the bed of the fifth rib 
which was excised siibperiosteally’. Covered by' mediastinal pleura, aboie the azy’gos vein and 
lying between the superior vena cava and the vertebral bodies, was a blue cystic maes 
approximately 5 cm. in diameter (Fig. 2). On compression the cyst disappeared, only to 
re expand when pressure was released. Through its thin wall turbulent blood flow could l>e 
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visualized. Needle aspiration yielded venous Wood. The true nature of tJic aneuiysm was 
elicited by dissection. The azygos vein was ligated and divided at the chest wall posterolatcr- 
ally. The pliienie neive was dissected from the anterior wall of the aneurysm which was then 
freed fiom the mediastinal structures medially. The aneurysm was seen to have a nairow-, 
2 mm. stalk at its point of origin, immediately above the junction of the azygos vein and 
supeiior vena cava. This was ligated and divided at the vena cava, as w'as tlie azygos vein. 
The chest was closed in the routine manner and the patient was discharged on the eighth 
postoperative day. When last seen on June 12, 1953, she was asymptomatic. A lettei received 
in October, 1954, repoited no dyspnea, but she complained of lumbar back pain. X-ray 
examination of the chest has levealed no recurrence of the aneurysm. 



Fig. 2.—The appearance of the aneurysm at operation. The phrenic ner\e is letracted 
anteriorly by the white tape and the azygos \ein has been looped posterolaterally by the 
black ligature. The lung has been retracted inferiorly. 


COMMEXT 

The ease reported by Harris^ occurred in a five-inonth-old infant tvho 
experienced spa.smodie cough and minimal cyanosis. At po.st mortem the 
aneury.sm was located in the right superior mediastinum and appeared to have 
communication tvith the left innominate, inferior thyroid, and right jugular 
veins. Abbot’s^ case was asymptomatic. First seen on a survey chest film, it was 
diagnosed, prior to operation, by angiography. This aneurysm appeared to arise 
from the superior vena cava. It was treated by cellopiiane wrapping of the vena 
cava and innominate veins. The patient, a ll-year-old student, did well post- 

operatively. . , . . 

The present case illustrated the feasibility of surgical excision by ligation 

and interruption of the narrow communication with the parent vein. 

.SUMMARY 

A case of successful surgical excision of a spontaneous or congenital 
aneurysm of the superior vena cava is reported. 


1 . 

o 


Harris, B. 
Abbot, O.: 
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IIEMOPTVSIS IN CANCER OF THE THITJOID 

Richard N JIoersch, M D Kfnntbth D Demxe, JI D ,®* Lewis B AVoolmer, 
M D •** Edward S Judd, Jb , M D and Herbert W Schaiidt, JID 
RoOHrSTFR, jHinn 

T AVO inteiesting and ninisual cases of a similai natuic locenth came to oui 
attention In both thcie was marked hcmopUsis of iinknomi origin, wtiicli 
latei piOAcd to be secondaij to imasiAC but clinicalh inappaient carcinoma of 
the tliAioid gland The seeming iaiit 3 of tins clinical picture prompted us to 
attempt to discovei am iuitlici cases fulfilling these eiiteria, here oi elsewlieic 
For this puipose, avc loiiewcd the English language liteiatuie of the last 
twenty 3 eais and suivcAed the lecoids of 55S eoiisecutnc jMa 30 Clinic cases of 
eaienioina of the tli 3 roid ciieountcicd in the J2 Aeai pciiod of 1040 tlnougli 1051 
Tins studt was made, fiist of all, in the hope that some common tactois of a 
diagnostic impoit might he discoieicd, and seeondaiils, to nsceitaiii, in so far 
as possible, the piogiiostic and therapeutic significance of imasion, in the 
absence of any other signposts of maligiiaiic 3 ' In oui ie\iew we used the single 
factor of hemopt 3 sis as the basis foi selection of cases AVe did this foi two 
reasons 1 The appearance of puie blood oi rod stieaked sputum is siiffleienth 
alarming to both patient and plysician to giiaiaiitec its obsei'anee when piesent 
2 Hemopt 3 Sis proiidcs moic definite ciidence ol tuio miiial imasion than do 
such S3-mptonis oi signs as hoaisencss, cough, and dispiiea all of which can bo 
pioduced b 3 e\tciiial piessuie on the tiaehca, or In imohemont of the iccuiront 
neiie, in the absence of an 3 actual imasion 

SEARCH OP the literature 

The literatuie on the tlmoid is iioticcabh icticeiit on this siihicU Theie 
IS no seaieitA of cases in ivliich a malignant lesion of the tlnioid eioded thioiigh 
the adjacent walls ot the laiMix and tiachca to appear ivithin these stiuctuies 
Such an eieiit, howeici, is inAariahh seen in cases of established carciiioiiia of 
the thsioid unticated oi far ad\anccd, in which the site of origin is oiih too 
deal In this gioup we find those tragic cases in which theie is widespicad 
imasion at the time of the patient’s first \isit to a doctoi, and those eases in 
which there lime been iccuiieneos following palliative oi subtotal lescction foi 
the neoplasm These cases aie almost alwavs tciiiiiiial in iiatiiie In contra 

Frotn the Mnjo Clinic an I Foundation Hochc'ttcr Jllnn 
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distinction, tlie true nature of our 2 cases was not evident initially, the underlying 

disease fii-st manifesting itself solely through the facet of tracheal extension and 
inti-aluminal bleedine 

Search of the literature revealed only a very few eases in which the hemopty¬ 
sis appeared at the time of the initial diagnosis of carcinoma of the thyroid. 
Frazell and Foote^ reported one “bizarre” case in which the lesion first presented 
in the larynx; they did not elaborate. Cavenagh and IMcMenemey^ recorded 
a case in which bloody mucoid sputum was produced but in which there was no 
evidence of invasion of the tumor at the time of operation. Grimes and BelP 
reported 4 cases in which erosion of the larynx and hemoptj’^sis occurred. In all 
of their eases, the thyroid was enlarged and stony hard, and the diagnosis was 
made preoperatively. They did note that an invasive tumor might not be seen 
at laryngoscopj^ or bronchoscopy in the presence of intact vocal cords. 

MAYO CLINIC SERIES 

In going over the records of the cases of thyroid cancer encountered at the 
]\Iayo Clinic during a 12-year period—558 eases in all—we were able to find only 
17 eases in which the patient, at the time of initial examination and prior to any 
diagnostic or therapeutic procedure, gave a history of having had hemoptysis 
at any time in the past. The hemoptysis in these 17 cases preceded, followed, 
or became apparent at the same time as the appearance of the goiter in almost 
equal numbers of cases. This is of questionable significance, however, because of 
the loiown unreliability of any history regarding the duration of such a swelling. 

The 2 cases that prompted this study are reported below. 

CASE REPORTS 

Case 1.—A 54-year-old white woman first noted hemoptysis, amounting to 1 teaspoonfiil 
of bloody mucus, in March, 1952, while attempting to clear her throat. She had undergone 
examination at the Mayo Clinic prior to this time, in January, 1952. At that time she had 
grade 1 diabetes mellitus and arteriosclerosis obliterans, but no respiratory or thyroid abnor¬ 
mality was observed. In November, 1952, when she returned after two more episodes of 
hemoptysis, the thyroid gland was clinically normal and no cause could be found for her 
hemoptysis. The results of laryngoscopic examination were negative. In April, 1953, the 
occasional gross hemoptysis had progressed to the point of daily expectoration of approximately 
a tablespoonful of bright red blood. She underwent bronchoscopy at that time, but nothing 
abnormal was noted. 

In January, 1954, she came back because of the bleeding, which was always associated 
with coughing or clearing of the throat. This time bronchoscopy revealed an intratracheal 
tumor which bled very easily. Biopsy of this mass showed grade 1 papillary adenocarcinoma 
of thyroid origin. At exploration, the thyroid gland, when exposed, appeared to be quite 
normal. Only during the course of the ensuing right lobectomy was a small column of 
malignant tissue noted; this extended from the posterior surface of the lobe directly into 
the wall of the trachea. The trachea was split open in the mid-line, and the right half of it 
excised en bloc, the excision extending grossly wide of the tumor. A tracheal stoma was 
prepared by suturing the edges of a vertical skin incision to the remainder of the tiachea, 
leaving it a shallow trough. The patient did quite well, and was able to go home two weeks 
after operation. When she returned to the Clinic at the end of April, 1954, she apparently 
was in good health. The trachea was repaired satisfactorily with auricular cartilage and 
local skin flaps. 
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Cnse 2—’A 71} ear old uom'in Imd felt quite uell until four }cars preMOusl}, uhen 
she first observed that if she happened to cough, as from inhaling too much dust, ‘«hc al\\a}s 
brought up blood streaked sputum This abnonualit} continued irregularly from that time 
forth ‘Whenever she had a cold, she brought up •some blood The homopt}Sis increased in 
amount as time pas'^ed, and she became increasing!} dyspneic and had inspirator} stridor 
■\\hen she uas examined at the Mayo Clinic, the respirator} ob'^truction i%as quite obvious 
Three observers found no enlargement or iiodularit} of the th}roid gland Broncho‘'cop}, 
however, disclo®ed an intrinsic tracheal tumor that occluded the lumen Biops} of the tumor 
revealed grade 1 papillar} adenocarcinoma of th}Toid origin, with some colloid formation 
Two da}s later, the patient underwent an operation on the th}TOid At the time of exposure, 
the gland was recorded as being of normal size, but somewhat more nodular and firm than 
usual The site of the primar} lesion could not be ascertained even then, and a subtotal left 
lobectomy was earned out first The iicoplism, howcier, was found subsequent!} when right 
sided lobectom} was performed, the tumor la} niediall} within the lobe and had eroded com 
pletel} through the wall of the trachea No other imasions or local extensions were noted 
Following tli}roidectom}, the trachea was split, and the imasiit tumor and the surrounding 
tracheal wall were excised as a single block of tissue, a, strip of trachea being left behind as 
framework for future rcparatiic purposis There was no postoperative radiation and the 
patient went home, with a tracheal stoma, two weeks after operation Tracheal reconstruction 
has since been started according to the method used in the first ca«e 

One of these patients e\liibitcd licmoptjsis foi tsio joais and the othoi ioi 
four jears before definitno tieatment was instituted During these poiiods 
tlieie had been no evidence of metastasis In each case the tiimoi was a Ioi\ 
giado papillaiy adenocarcinoma We cannot as jet judge the ultimate prognosis 
because of the shoit lapse of time since operation 

The impoitanco of those cases is twofold (1) thev point up a ehnieal pictuie 
that is seldom seen but one that the clinician should he awaic of and (2) they 
suggest that good surgical treatment of cancel may be possible at times in cases 
in which at fiist the condition seems inoperable In fact, in both of oui eases, 
complete removal of all appaient gioss cancel was earned out in the definitive 
operation 

The patient in Cn«e 2 subsequently died after closure of tlio tradieal stoma Jsccropsy 
disclosed recurrence of caremoni i nbout tlie site of reconstruction 
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SURGICAL CLOSURE OP ATYPICAL PATENT DUCTUS ARTERIOSUS 

N. A. Antonius, M.B., L. G. Massarelli, M.D., and A. D. Crecca, M.D. 

NeWjVkk, N. J. 

QURGBRY for the typical patent ductus arteriosus is among the least hazard- 

ous and t!ie most gratifying procedures in the field of cardiovascular surgery. 
It is one of the few instances of cardiovascular abnormality in which the ph.ysi- 
cian can pronounce a complete cure. The correction of atypical patent ductus 
arteriosus, on the other hand, is among the most dangerous of all surgical pro¬ 
cedures. The presence of pulmonary artery hypertension greatly increases the 
operative risk, and the development of a right-to-left shunt makes the surgical 
correction of the ductus extremely perilous. 

The operative morbidity and mortality in atypical patent ductus arteriosus 
is high. Sudden, complete closure of the ductus in the presence of pulmonary 
artery hypertension results in a further rise in the pulmonary artery pressure 
with its conseciuent severe., deleterious effects on the heai't. Realizing that sud¬ 
den, complete closure of the ductus would be fraught with danger we decided 
that perhaps gradual occlusion of the ductus would permit a slow reduction in 
pulmonary artery pressure and thus allow the body time to readjust to the hemo¬ 
dynamic changes. Such an approach would reduce the risk of an abrupt rise in 
pulmonary arteiy pressure and thereby increase the chances for the success of 
surgery. 

CASE REPORT 

M. L,, a 7-year-old white girl, was referred to St. Michael’s Hospital on June 13, 1932. 
At the age of 6 months, the child was treated for pneumonia and at that time the mother 
was told that a heart murmur was present. Subsequent growth and development were normal. 
Frequent upper respiratory infections occurred during early childhood. Cyanosis had not 
been noted. Dyspnea on e.vertion had developed within the past year. 

Physical examination revealed a normally-developed young girl In no acute distress. 
The pertinent physical findings were confined to the cardiovascular system. A loud, harsh 
systolic murmur was heard at the third intercostal space to the left of the sternum. A short 
diastolic murmur was heard by some observers but not by others. A systolic thrill was 
palpable to the left of the sternum. Blood pressures were; right arm 120/50; left arm 
120/40; right leg 170/50; left leg 170/50. The lungs were clear to auscultation and per¬ 
cussion. There was no clubbing of the fingers or toes. 

Fluoroscopic and x-ray examination of the chest (Fig. 1) showed a marked increase 
in the pulmonary vascular markings bilaterally. A hilar dance was present. The pulmonary 
artery was enlarged and bulging. Both the right and the left ventricles were enlarged. The 
left atrium was also enlarged. 

The electrocardiogram revealed a neutral axis and did not show any’ significant change 
from the normal. 

Prom the Departments of Cardiolojo^ and Thoracic Surgery, St. Michael’s Hospital, New¬ 
ark, N. J. 

Received for publication April 11, 1955. 
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Lnlioratory dnln iiicluclcil: tod blood coiiol. -1,000,000: liomoglobiii, 10.4 Gm.: liom-ro 
crit 12 por cent. 

CartVmc outhetfrizalion \\!i« performed un 0<‘t. 1, 1052. The fiiulin”'- are suumiunzetl 
in Table T. There ua^^ cvideiiee of piilnioimry artery hypertenMon, right ventricular lu^ioiten 
sion, and both right-to-loft and left-to-right aliiint*!. The catheter ttas pas^iLd thieu^h the 
ductus and down to the abdoniinnl aorta. 


TABI.K I. CAUniAC CATItKTKRlZATinN I)ATA ItKbORK SHKOEKV AN'P TWO \ t..vr.S > OSTOPVRATl\ HIA 



1 VnV OPKKATIVK 

1 rOSTOPtR.\TI\E 

I'KKR.'tURB m 
MM. ItC 

nu401) <IAYGBN 
CO.N’TKKT IN I 
\OI,. Vl.n CENT 1 

rRrSSURB IN 
MM. UG 

('ONTENT IN 
VOL. I’EF. CENT 

Superior vena ra\a 

Inferior vena ea\a 

Right atrium 

Right ventricle 

Main pulmonary artery 
Abdominal aorta 

Femoral artery 

Arterial o'^ygen capacity 
Arterial oxjhemoglobin* 
Saturation (in per cent) 

---—- 12.49 *"1:; 

ii .ifo 11 

SVO ’■« 1.1.37 

100/(50 

140/50 1S./8 J..J3 

17 8*’ ^ 

00 

88 --—- 


c r 1 V..e !*> 1052. A short, wide patent ductus arteriosus was 

^ Surgery was performed on Nov. 3-, a: pulmonary 

wolnted. Purpc-string suture.- uero ^ occlude 75 per cent of tlio original 

artery ntlncl,meats. Tl.o suture- "y,*; *’^ 0 .,^ „„s'tl.en uropped uiti, trvieted polyethylene 
lumen of the duetus. Tlie body of 1'' solution of dincetylpliosplinte. Tiioio was 

aliccting tlmt had been netiurted preuo > ooelusion of the duetus. 

ao CMdciiee of cardiac “"‘''''"‘’"’"'J" ^ „„ ,l,o gay following surgery. Postoperative blood 

A fo-and-fro murmur eouW be . j. postoperative day showed 

pressure was 110/40. An x-ray filtu of tiic ei 
a diminution in tiic va-cular markings. 



. /.nnrrrrtms clcmonstratinsr a dtniinution In the vascularity of the Uing 

Pig 1 _Thoracic heart size 2 years after closure of an atypic.^! ductus arteriosus. 

flelds and a decrease 


uliicli n‘'suincd a mtichinelike quality, persisted until May 15, 1953, at 
The systolic inunnur at the base could be heard. Tliis murmur gradually 

which time 1 ^c.tv until Feb. 5, 1954, A\hcn no murmur could be heard, 
diminished in inion.ib. 
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x-ray examination of the chest on Oct. 28, 1954, revealed a diminution in the pulmonary 
vascular markings, and a reduction in heart size (Fig. 1). 

The electrocardiogram at this time showed no essential change in comparison with the 
preoperative tracing. 

Cardiac catheterization performed on Oef 28, 1954, revealed normal pulmonary artery 

and right ventricular pressures. There was no evidence of either intracardiac or extraeardiac 
shunt. 

The child has bGcn essentially asymptomatie since surgery. 

mscussioN 

\ ^ 

The persistence of pulmonary artery hj^Dcrtension and the development of 
a right-to-left shunt in atypical patent ductus arteriosus can only progress to 
the ultimate deterioration of the patient. A reduction in the pulmonaiy artery 
pressure and the elimination of the shunt ivould offer tiie individual a eliance 
for survival and the hope of a normal life. 

Johnson and associates^ believe that most of the shunts in atypical patent 
ductus arteiaosus are bidirectional and that the increased pulmonary blood flow 
doubtless plays a role in the production of pulmonary hypertension, and that 
Ligation of the dnetus would result in a marked reduction of both^ pulmonaiy 
blood flow and pulmonary hypertension. With these contributing .factors re¬ 
duced, it is conceivable that there could be at least partial regression of the 
pathological changes in the vessels and the pulmonaiy vascular resistance 
thereby decreased. 

The success of surgery is related to the severity and reversibility of the 
pulmonary vascular pathology. The pulmonary hypertension in a large measure 
is a reflection of the pathological alterations in the medium-sized muscular pul¬ 
monary arteries. The essential changes are medial hypertrophy of the muscular 
coat and intimal fibrosis. These changes tend to narrow the effective lumen of 
the vessel and offer an obstruction to the pulmonary blood flow. Multiple vas¬ 
cular thromboses also have been described and add to the pulmonary vascular 
obstruction. The thromboses may be related to polycythemia. 

The origin of the vascular aberrations is not knovm. Edwards- has offered 
the hypothesis that some patients with patent duetns arteriosus retain the fetal 
type of the medium-sized muscular pulmonary arteries. In expanding this view¬ 
point, Kattns and Mullert have stated that the presence of a large ductus more 
readily permits a transmission of the higher aorAie pressure to the pulmonary 
arteries. The transmitted pressure then acts as a stimulus for the retention 
of the fetal tj^pe of vessels. Both have agreed that the intimal lesions can occur 
as a result of prolonged pulmonary hypertension. Lukas and associates'* believe 
that the abnormally large flow through the ductus is the initiating factor ih 
the development of pulmonary hj^iertension, but suggests that in some cases a 
retention of the fetal vasculature may play an important role, especially dunng 
infancy. 

If the vascular changes regress following surgery, then improvement can 
be expected. If the changes have become fixed and irreversible little or no ■, 
benefit could be expected from the surgery. 
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The lesults of surgery foi patent ductus artoiiosus with pulmonarv hjpei 
tension have been disappointing Ciafooid' icpoited eight deaths among 16 
patients with pulmoiiaiy hv pel tension who had been operated on foi patent 
ductus arteriosus “When reversal of flow occurs the mortality is considerablj' 
highei Table II summarizes the expenenee of sev eral authors and the problems 
encounteied at the time of opeiation Diflicultj arises from thiee main sources 
1, the fiiable state of the diietus, 2, the development of cardiac embai rassment 
when the ductus is completelj occlndcd, 3, the presence of a shoit, wade ductus 


Table II Expefiesoe op Other Authors in the Sukoioal CoprecTION of Attpicvl 
Patent Ductus Aptekiosus 


AUTIIOPS 

1 OPEILVTION 

1 pESULT 

Dammann ct al« 

Occlusion of the ductus resulted m 
cardiac arrest 

Patient expired 

Hultgrcn ct nl 7 

Complete ligation 

Doing uell 2 months postopera 
tnelj 

Kattus and Muller3 

Complete closure 

Developed right ventricle failure 
nhich did not respond to medical 
management 

Bothwell et al« 

Due to technical difficulties onl^ a 
partial ligation could be per 
formed 

Doing well 2 months postopera 
tivcly 

Holsvade and Gold 
Wgo 

1 Hemorrhage during isolation of 

2 Shock nith occlusion of ductus 

Procedure 

Procedure abandoned 

Pntcliard ct al lo 


Death eight hours after ligation 
of the ductus 

Jolinsou et al i 

Ductus closed b> tightening tno 
ligatures 

Died fifth postoperative dav foi 
loniag blood tnn«fusion 

Autops} ductus onlj pnrtmllj- 
ligvted 

ShumacI ern 

Tachjcardia with application of 
clamp, after repeated clamping 
no effect, ductus tlien divided 

Patient doing quite well 

DcCarapi’’ 

Patient died 15 minutes after ap 
plication of clamp 

Patient died 

Lukas et al < 

1 Friable ductus with evees'sne 
bleeding 

2 Obliteration of ductus caused a 
fall in blood pressure 

3 Progre'*sivc deterioration of pa 
tients* cardiovascular status nas 
not reierscd bj ligation of the 
ductus 

Procedure abandoned 

Permanent ligation of ductus not 
attempted 

Patient died 


Despite the pool opoiative piognosis, patients with atvpical patent ductus 
arteriosus wlio survive tlie operation aic iisuallv benefited There liave been 
lepoits in the htciature indicating that the pulnionan arterv pressuie can be 
leduced following siiigcrv Hultgicn and co woikers have demonstrated a fall 
111 pulmonaiv arterv piessure from 110/62 mm Hg to 65/40 mm Hg one month 
aftei suigeiv Adams” dcmoiistiatcd a fall in the pulm''"'"'' uTctmi,. 
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x-ray examination of the chest on Oct. 28, 1954, revealed a diminution in the pulmonary 
vascular markings, and a reduction in heart size (Fig. 1). 

The electrocardiogram at this time showed no essential change in comparison with the 
preoperative tracing. 

Cardiac catheterization performed on Oct. 28, 1954, revealed normal pulmonaiy artery 

and right ventricular pressures. There was no evidence of either intracardiac or extracardiac 
shunt. 

The child has been essentially asymptomatic since surgery. Z 

DISCU,SSION 

The persistence of pulmonary artery hj^iertension and the development of 
a riglit-to-left shunt in atypical patent ductus arteriosus can Only progress to 
the ultimate deterioration of the patient. A reduction in the pulmonary artery 
jiressure and the elimination of the shunt would offer the individual a chance 
for survival and the hope of a normal life. 

Johnson and associates^ believe that most of the shunts in atypical patent 
ductus artei’iosus are hidirectional and that the increased pulmonary blood flow 
doubtless plays a role in the production of pulmonary hypertension, and that 
ligation of the ductus would result in a mai’ked reduction of both pulmonary 
blood flow and pulmonarj^ h3’pertension. With these contributing factors re¬ 
duced, it is conceivable that there coiild be at least partial regre-ssion of the 
pathological changes in the vessels and the pulmonary vascular resistance 
thereby decreased. 

The success of surgery is related to the severity and reversibility of the 
pulmonarj'- vascular pathologj^ The pulmonary hypertension in a large measure 
is a reflection of the pathological alterations in the medium-sized muscular pul¬ 
monary arteries. The essential changes are medial hj^pertrophy of the muscular 
coat and intimal fibrosis. These changes tend to narrow the effective lumen of 
the vessel and offer an obstruction to the pulmonary blood flow. Multiple vas¬ 
cular thromboses also have been described and add to the pulmonarj’’ vascular 
obstruction. The thromboses maj^ be related to polyc.ythemia. 

The origin of the vascular aberrations is not knomi. Edwards® has offered 
the hj'pothesis that some patients with patent ductus arteriosus retain the fetal 
tj'pe of the medium-sized muscular pulmonaiT arteries. In expanding this view¬ 
point, Kattus and Mullei’^ have stated that the presence of a large ductus more 
readily permits a transmission of the higher aortic pressure to the pulmonaiy 
arteries. The transmitted pressure then acts as a stimulus for the retention 
of the fetal type of vessels. Both have agreed that the intimal lesions can oecui 
as a result of prolonged pulmonary hypertension. Lukas and associates'* believe 
that the abnormally large flow through the ductus is the initiating factoi i i 
the development of pulmonary hypertension, but suggests that in some cases a 
retention of the fetal vasculature may play an important role, especially during 
infancy. 

If the vascular changes regress following surgery, then improvement can 
be expected. If the changes have become fixed and irreversible little or no 
benefit could be expected from the surgery. 
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The lesults of surgery for patent ductus arteuosiis with pulmonary hyper¬ 
tension have been disappointing Ciafoord= lepoited eight deaths among 16 
patients with pulmonaiy hypeitension ulio had been operated on for patent 
ductus arteiiosus. AVhen leveisal of flow occuis tlie mortality' is considerably 
higher Table II summarizes the experience of scvcial authois and the problems 
encountered at the time of opeiation. Difficulty arises from three main sources. 
1, the friable state of the ductus, 2, the development of cardiac embarrassment 
when the ductus is completely occluded; 3, the presence of a short, wide ductus 


Table II. Experience of Other Authors in the SurgiCxVl Correctiov of Atypic.vl 
Patent Ductus Arteriosus 


AUTHORS 

1 operation 

Dammann et al ® 

Occlusion of the ductus resulted in 
cardiac arrest 

HwttgTCTV <it I 

CoijLplctc hgation 

Kattus and Muller® 

Complete closure 

Bothwcll ct al 8 

Due to technical difficulties only t 
partial ligation could be ^r 
formed 

Holswado and Gold 
bcrg3 

1 Hemorrhage during isolation of 
ductus 

2 Shock with occlusion of ductus 

Pntclmd et al.io 


Johnson et al i 

Ductus closed bj tighfeniog tiro 
ligatures 

Shuimekcrii 

Tachycardia with application of 
clamp, after repeated clamping 
no effect, ductus then dmdod 

DeCampis 

Patient died 15 nmuites after ap 
plication of cJnrap 

Dukas et al« 

1 Enable ductus with exee''‘Ji\c 
bleeding 

" Obliteration of ductus caused a 
fall in blood pressure 

3 Progre^ire dctcnoralion of ni ; 
tientu’ eard/erasctthr slata. wo, 
not reier^ed In ligation of llio 
ductus 


Patient expired 


Domp well 2 months postopera 
Uvety 

Dercloped right veafncic failure 
which did not respond to medical 
manaf^emeat 

Doing well 2 nionth« pO'.topcra' 
tirelr 


Procedure aI>andoned 
ProgTe««irc failure 
Procedure abandoned 

Death ciplit hours after bgation 
of the dijefus 

Died fifth po«toperatuc day fol 
lowing blood tran‘«f»8,on 
Autojwj ductu5 onK partnlh 
hgitcd 

Patient doing quite Well 


Patient died 

Prorodurc alwndoned 

Pirnuncnf Ijgntion of ilwtili not 
attempted 
Patient died 


aitciiosus %\ho sLuc^thfoperaS^are 
report, .n the hte.at.uo indieatmo“Lt 
lechiced folio,uno s^g^rj. HuU-tel a 
in pulmona., arteo pressure fro^llO/CO I “tTf'Tin 
after surger, A,Ian,,,, demonstiate,! aftT’ 1 f ° 

" a.toiy svslolie 
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pressure from 100 mm. Hg to 40 mm. Hg one year after ligation of the ductus. 
In the ease presented in this communication there was a fall in pulmonary artery 
pressure from 100/60 mm. Hg to 28/10 mm. Hg two years after delayed closure 
of the ductus. Limon Lason and associates^* have presented a case in which 
there was a rise in the pulmonary arteiy pressure following surgery. Irre¬ 
versible pulmonary vascular lessions are believed to account for the rise. 

The changes in the pulmonai^’- vessels are not immediately reversible. A 
period of months is required for regression tc occur. Cournand and co-workers*° 
were not able to show any change in pulmonary artery pressure five weeks fol¬ 
lowing surgery. Similar studies performed five months postoperatively showed 
a normal pulmonarj’’ artery pressure. 

It would appear, then, that surgery is indicated if the pulmonary vascular 
changes have not become irreversible and if the dangers of operation could be 
reduced. Complete occlusion of the ductus has resulted in k significant num¬ 
ber of deaths. The friable ductus has caused technical difficulty requiring 
abandonment of the surgical procedure in several instances. The technique 
utilized in the ease reported would appear to assist in solving these problems. 
The partial ligation of the ductus to 75 to 80 per cent of its diameter would 
tend to reduce the danger of a sudden and excessive rise in pulmonary artery 
pressure. The application of polyethylene sheeting permits the slow, gradual 
obliteration of the ductus. During the period of slow closure of the ductus, the 
body as a whole, and, in particular, the cardiovascular system, is permitted to 
adjust to the changing hemodynamics. 

Had the ductus failed to close within eighteen months after the application 
of the polyethylene sheeting, surgery would have been peiTormed to occlude the 
ductus completely. 

An alternate procedure wor\ld be to ligate the ductus partially and then 
one year later a second-stage operation could be performed to occlude the ductus 
completely. 

SUMMARY 

A case of patent ductus arteriosus wuth pulmonary hypertension and bi¬ 
directional shunt is presented. Delayed closure of the ductus was accomplished 
by partial ligation and wrapping with polyethylene sheeting. The feasibility 
of surgical obliteration of atypical patent ductus arteriosus is discussed. 
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lyjmphangiO]\ia op the mediastinum 

Eeport of a Case With Review of the Literature 

j\Iax E. Childress, M.D.,* Sak Prakcisco, Calif., 

Charles P. Baker, M.D.,*^ Oaklaxd, Calif., and 
Paul C. Saimson, M.D.,*"^ Oakland, Calif. 

C ystic lymphangioma is infrequently confined to the mediastinum. As dis¬ 
closed by the available literature, operative intervention has been prac¬ 
ticed seventeen times. Our case brings the total to eighteen (Table I). 
Other references to these cysts included tlioso fpund at autopsy,^”’ those of 
doubtful diagnosis,^’ ® and discussion of thi ' / 'Lh no case presentation.^^’ 
None of these references was considered the present/' 

In presenting an additional case, th. '1 crs are an 

attempt to clarify some of the problems c '^sis, and 
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The possible i elationships of these onibrj ological findings to the oiigin and 
development of lymphangiomas will be discussed siibscqiientlj 

CASE REPORT 

B.istory —H B, a 42 jearold Avhite man, was admitted to Samuel Merritt Hospital in 
Oakland, Calif, on April 4, 1950 He complained of dyspnea and mild substernal discomfort 
Throughout liis life lie had noted shortness of breath and weakness This did not prevent 
him from participating in athletics, but lie was aware that his rcscr\c had alwajs been less 
than that of In'? plaj mates Three jears before admission, he had been refused life insurance 
because of an increa<5e in the scicntj of his «5\mptoms and the finding of an enlarged lieart " 




Fiir 1—Stages in the formation of the prlniiti\o jugular lymphatic sacs (diagiammed 
from a description by Sabin‘S) A, Endothelial pouches formed from the internal jugular veins 
Bf Lymphatic sacs divorced from internal jugular veins C, Paired Jugular sacs reunited to 
the jugular veins 



rig 2—Lymphatic system in a 30 mm human embrjo (modified after Sabin"®) 

Two to three pillow orthopnea, frequent colds, and bronchial wheezing followed In 1949, he 
developed an upper respiratorj infection with sinusitis, cough, and greenish, mucoid, blood- 
streaked sputum 

Physical LxaininaUon —The positive findings were a blood pressure of 158/80; a heart 
enlarged to the left on percussion; and, musical and coarse rales at the bases of both lungs and 
at the left apex. 
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Hoentgenogiaphic Hxainination. —^Thcre was an abnormal density extending from the 
thoracic inlet to the diaphragm. The density was thought to be primarily in the anterior 
mediastinum and to surround the heart. The borders of the mass were noted to pulsate slightly 
during fluoroscopic examination, but were interpreted as being transmitted from the cardiac 
impulse (Fig. 3). 

Preoperativc Diagnosis. —^Anterior mediastinal tumor, probably a dermoid or thymoma. 

Opetation. —On April 5, 1950, a left explorator)' thoracotomy was undertaken by one 
of us (P. C. S.). The chest was opened postcrolaterally through the bed of the resected fifth 
rib. A pinkish-gray cystic structure filled the anterior mediastinum and extended from the 
thoracic inlet to the anterior cardiophrcnic angle. Laterally, it covered the anterior aspect 
of loft pulmonary hilum*, the left phrenic nerve was incorporated in its substance. The cyst 
extended across the anterior mediastinum and overlapped the superior vena cava. Inferiorly, 
it spread over the pericardium to the diaphragm along both margins (Fig. 4). During 
extirpation, the left phrenic ncr\e was necessarily sacrificed. lYhen the cyst was inadvertently 
entered, milky fluid with a pinkish tinge issued forth. Examination of this fluid and biopsy 
of the mass revealed it to be a lymphangioma. The right pleural cavity was then entered 
transmediastinally. By means of traction and dissection, it was possible to remove the 
remaining portions of the cyst from the superior vena ca\a and the right side of tlic peri¬ 
cardium. Great care had to be exercised to spare the right phicnic nerve. Grossly, the cyst 
appeared completely removed. 



Fig. 5.—Lymphaneioma W'ltli large spaces and flbromuscular trabeculae. Jlllklike fluid content 

in test tube. 

Pathologic Deport. —The tumor measured 16 by 10 by 5 cm. It contained milky fluid 
with a high lipid content. The outer wall was shaggj’ and pinkish gray. The inner surface 
was crossed by many thin, intcrelaemg trabcculatlons and presented a smooth, shining surface 
(Fig. 5). Microscopic section show’cd an outer fibrous wall with an inner layer of flattened 
endothelium. The fibrous wall contained smooth muscle, collections of lymphocytes, adipose 
tissue, and blood vessels (Fig. 6). 

Postoperative Course. —Wound infection was obvious by the third day and a non¬ 
hemolytic staphylococcus was cultured from the exudate. Five months following the thoracot- 
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sTni "•>»«'! communicated with the extrapleural 

space. Healing then proceeded uneventfully. The patient is now well and working, more than 
five years follow mg excision of the lymphangioma. 



Fig:. 6.—The totally irregular spaces are lined with a single flattened layer of endothelium. 
In the unsectioned tumor these spaces contained chylous fluid. The fibromuscular septa (tra¬ 
beculae) and a portion of the cyst wall are .shown. (X300.) 


DISCUSSION 

In a review of the 18 cases available to us, the age at diagnosis varied from 
2 to 61 years. Eleven of these patients were men and 5, women. In 2 cases 
the age and sex were not tabulated. The sjunptoms were nonspecific but pointed, 
in general, to some intrathoracie disturbance. Cough was the most prominent, 
presumablj^ due to bronchial or tracheal pressure. Expectoration, hemoptysis, 
dj^spnea, and pain in the chest trailed in frequency. Poor growth and develop¬ 
ment in one child probably were related to a chylothorax.®® Hoarseness due 
to paralysis of the left vocal cord occurred in 1 case with a cyst high in the 
right mediastinum.-^ This hoarseness persisted postoperatively and its cause 
remained obscure. It misguided the authors. On first reflection, t]ie.y con¬ 
sidered it a sign of inoperability for a lesion which subsequently proved to be 
iperable. 

The time interval between the onset of symptoms and discovery of the 
lesion varied from one month to many years. In at least one-half of the cases, 
symptoms persisted for more than one j^ar. In 4 instances, however, the lesion 
within the thorax was unsuspected until disclosed by a roentgenogram taken 
for other reasons. 

Preoperatively, the true nature of the roentgen shadow remained unde¬ 
termined in all cases: thoracotomy was performed 17 times; cervical medias- 
tinotomy was employed in a single ease.-® Diagnostic pneumothorax revealed 
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an extrapulmonaiy tumor in two instances,"' but Y’as unrewarding in a 
third." Skinner and Hobbs" outlined the interior of the cyst by injecting air 
into it, for contrast with the diagnostic pneumothorax. Bronchoscopy, csoph- 
agoscopy, and esophagograms suggested extrinsic pressure in a few cases. 

A test dose of x-ray was used twice to note its effect on the mediastinal 
mass. In one ease, no change in size was notcd.“^ In the other, the mass dimin¬ 
ished and led the authors to the mistaken conchtsion that they were dealing 
with a lymphoma.®* 

Emerson,' during thoracotomy, demonstrated a communication between 
the cyst and the thoracic duct. Lipiodol was injected into the cyst and a roent¬ 
genogram was taken on the operating table. 

-tNATOMIC LOCATION 

The relationship of these tumors to the mediastinum is clear. One can 
readily visualize them expanding laterally from the less yielding mediastinal 
sti'uetui'es to the more compressible pulmonary tissue. Among the cases so 
documented, extension into the right hemithorax was noted 11 times, and into 
the left 4 times. 

Certain patterns of location are discernible when one considers the 18 col¬ 
lected cases. Five*' " were directly related to the triangle formed by 

the superior vena cava, esophagus, and azygos vein. The anterior costophrenie 
angle and related structures housed eight.*’ *’ "• *'• " Of the remainder, one 

was posterior to the right pulmonai'v hilum,' one was in the right esophagoplu'enie 
angle,® one was lateral to the inferior vena cava,®* one was between the lower 
esophagus-aorta-poricardium-diaphragm,®* and the present ease occupied the 
entire anterior mediastinum. 

OBIGIN 

Goetch* in a scholarly presentation concluded that portions of the primitive 
jugular sac may be sequestrated and fail to establish communication with the 
venous system; further, that the sequestrated part may continue to grow in a 
manner eharaoteristio of the primitive lymphatic system. 

Reference to the embrj'ology of the lymphatic system shows that such an 
explanation is applicable to the stage in which the primitive jugular sac is 
divorced from its parent vein (Pig. 1, B). If this closed sac is involved with 
structures destined for the mediastinum, it descends with them. If it is 
inextricably attached to those structures destined for the neck, its voyage is 
briefer and it manifests itself as a cciwieal lymphangioma. Occasionally a lai'ge 
closed sac may become involved with stnictures destined for both the neck and 
mediastinum. This type of development may manifest itself as a een-ico- 
mediastinal lymphangioma. The final position of the Ij-mphangioma is deter¬ 
mined by the destiny of the structures to which the displaced primitive l.vraphatic 
sac is adherent. Ten of the cases considered in this essay contained thin fluid 
which varied from clear to yellow or brown in color. This lends support to the 
postulation just given and indicates that these cysts neither regained connection 

with their parent vein nor entered into union with the "*■-*■ ’-> -i?- 

system. 
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Four of the ej^sts contained fluid which was clearly chyle. This state 
may be explained by recalling that after the primitive jugular sacs execute their 
connections with the veins and the remaining lymphatic system, they are trans¬ 
formed into lymph channels and lymph nodes. Thus, this developmental arrest 
would occur just prior to the transfomation into Ijunph nodes. A similar 
example may be found in the adult anatomy in tlie form of the eisterna chyli. 
The precursor of this latter lymph receptacle is only partially transformed into 
lymph nodes and vessels.^® 

Two points are emphasized by the fact that the phrenic nerve was inseparably 
incorporated in our ease of cystic lymphangioma and was in close relationship to 
cysts in this collected series. First, this intimate association is not surprising 
when it is recalled that branches of the third, fourth, and fifth cervical nerves 
pass through apertures in the primitive jugular saes;^^’-“ second, as Goetch’' 
has pointed out, "This sequestrated lymphatic tissue maj^ retain the power of 
growth inherent in the process of endothelial sprouting and penetration charac¬ 
teristic of the development of the normal lymphatic system.” Thus, lymphan¬ 
giomas may tend to penetrate mediastinal structures, vessels, and nerves. 

STRUCTURE 

The shape of these tumors generally has been described as round or oval; 
ours was more saddle shaped. Touroff and Seley^® described a cloacalike cystic 
structure filling the posterior mediastinum. Both unilocular and multilocular 
types have been noted. The size has varied from a few centimeters in diameter 
to one which occupied the entire lower hemithorax. Externally, the tumors have 
been shaggy and grayish white; the interior has usually presented a smooth, 
glistening surface ivith trabeculations. 

Microscopically the fibrous wall has contained conneetii'-e tissue and collage¬ 
nous fibers. Smooth muscle often has been found in the trabeculations. This has 
appeared with sufficient frequency to suggest that it may be characteristic of 
these cysts. Perhaps a more extensive search would have revealed smooth muscle 
in a greater number of the collected cases. Lymphocytes, eosinopliils, cholesterol 
crystals, and fatty acid crystals have been mentioned. In one case^^ a foreign 
body reaction was noted but in none of the others was a true inflammatory 
exudate found. On the internal surface a lining of flattened cells, usually 
termed endothelium, has been found. In one cyst no lining cells were found 
presumably due to an inflammatory^ reaction within the lumen from B. coU and 
enterococcus." 

Chemical analysis was performed on the thin, nonmilky type of contents 
from five eysts.^’ ” Protein, glucose, chloride, cholesterol, and lipids were 
found in varying quantities. 


THERAPY AND RESULTS 

All seem agreed that surgical excision is the procedure of choice. The main 
objectives of thoracotomy are to extirpate a space-occupying lesion and to estab¬ 
lish a diagnosis. 
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It IS not al^^a^s possible to excise the ovst completelj because of insepaiable 
mvohenieiit of iieigbboung stiuctmcs Foui excisions uere incomplete foi tins 
leason"^ and one of these exsts lecuiied three jcais postopeiatixelj 
Chemical selciosis uith Lipiodor® ivas utilized once Gioss and Hunutt® lepoit 
the use of iodine as a seleiosiiig agent in the tieatmeiit of the mediastinal exten 
Sion of a cen ical Ijmphangioma Santj' and associates'^ peifomed a biopsy and 
diainod the tist Thej approached it thiougli a ceivical inediastinotomj as a 
mediastinal tliyioid Appaiently this lattci cyst still leinains aftei lepeated 
aspirations A tu o stage excision u as utilized on one occasion 

In the IS cases, tlieic aic listed one empyema, one uouiid infection, and two 
neno paiahses as opeiatne complications 

Most of the follow up peiiods aie too bud to draw anj conclusions as to 
lecuricnco latc As noted aboxc, theie was one iccuiience thiee jeais aftei an 
incomplete excision Howexoi, the longest follow up pciiod, ten jcais with no 
lecuiicnec, was also in a case of nieomplcte excision'® It maj be that the 
inflammation oi the losultmg cmpxcma in this lattci ease obliterated the remain 
ing small cjsts 

CONCLUSIONS 


1 Mediastinal lymphangiomas aie piobalih duo to de\clopmental defects of 
the piimitne lugulai sacs and n this logaid do not diffoi liom ceiMoal and 
oeniooraediastinal Ij mpliaugiomas 

2 WhctiiLi tlio hmphangio i contains niilKy oi nonmilky fluid piobably 
depends on tlie stage oi aricst ot this dexelopmental anomaly 

3 Mediasiiiial lymphangiomas aic discoveicd latei than cervical lymphan 
giomas because ol the imy leldnig naliiie of the bony tboiax 

4 Tlieie aie no specific symptoms sex, oi age gioups winch aio of aid in 
diagnosing these mediastinal cysts 

5 Ccitain patterns of anatomicd location seem to exist, namely, in the 
lowei antciioi mediastinum and m tlx ti angle between the supeiioi xena caxa, 
azxgos xciii, and esophagus 

G Smooth muscle appears to be a litqueut occupant of the cyst xxall and 
tabceulae 

7 Lymphaim-iomas max be msepaiahlx ittaelied to mediastinal stnictuies 

8 Hxploiatom tlioiacotomx is nccissaix to establish a diagnosis and to 
extirpate the ex st ( hemieal sclerosis max be biiicbcial when incomplete excision 
Js practiced 

SUMMABI 


1 Seventeen eas.s of mediastinal lymphangiomas winch weio subjeetod to 
opnatixe inteivention b ix e been collected fiom the litciatme 

2 An additional ease (the eighteenth) is pusented in detail 

3 The embiyologj and elmieal mamfestations of mediastinal lx mphang.oma 

lia\e been piesented and discn^^sed 
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GIANT HEMOLYJIPH NODE OP THE LEFT CHEST 
Report op Case 
Allen E. Grimes, jM.D. 

Lexington, ICv. 

A CASE of giant hemolymph node of the chest is presented for the record, 
approximately seven years after its successful removal. The delay in 
making the report has been by intent. The patient’s continuing excellent 
health, without evidence of recurrence or persistence of the disease, seems 
to be the added evidence to confii-m the diagnosis. 

By a most careful search of literature, I was able to find but 5 similar 
clinical oases. S 3 ’'mmers,' in 1921, reported 2 cases which he described as 
hemangio-lymphoma of the hemal nodes. In 1923, Lederer' described a simi¬ 
lar case, and in 1950, Pemberton, Broders, and Jlaino' reported 2 cases. 
Leydig,‘ in 1857, described para-aortio lymph nodes in sheep and dogs not 
unlike accessory spleens. Gibbes," in 1884, reported the finding of nodes, 
which contained circulating blood, in the region of the renal artery and 
vein. Robertson,® in 1890, published the gross and miorosoopic anatomy of 
these structures as found in sheep, bullocks, and human beings, and was 
the first to call them hemolymph glands. AVarthin® made an exhaustive 
study, and, according to him, these nodes have an investing capsule of vary¬ 
ing thickness, containing a little elastic tissue and varying amounts of 
smooth muscle and fibrous tissue from which irregular trabeculae project 
toward the hilum, dividing it into irregular lobules. Blood vessels enter the 
hilum and capsule, and communicating sinuses accompany the trabeculae. 
The subcapsular sinus contains blood and may extend around the entire 
periphery of the node. The lymphoid tissue between the sinuses varies 
greatly in amount, but otherwise resembles ordinaiy lymph nodes. Small 
lymphocytes are the chief cellular constituent and they may follow follicular 
arrangement. Usually, no arteriole is present in the follicle, in contrast to 
the spleen. Polymorphonuclear leukocytes, large mononuclear cells, and 
eosinophils are also present. Phagocytes containing ei-ythrocj'tes are fre¬ 
quently mismterpreted as eosinophils. 

Hemolymph nodes cannot be considered ordinary Ijnnph nodes into which 
blood has extravasatod, because they are found in conditions in which trauma 
and congestion can be excluded. Various functions have been attributed 
to hemolymph nodes, but phagocytosis, particularly of the erythrocytes, 
slightly greater than that of the spleen, is their most obvious function, accord¬ 
ing to Lewis.® 

Received for publication April 22, 1955. 
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+ 1 , nodes are found in the prevertebral area of the abdomen, 

the thorax, and the neck, particularly in the vicinity of the larger vessels, 
in man hemolymph nodes vary usually between 2 mm. and 6 mm. in diameter, 
(riant forms of this structure, however, have been reported in man, but they 
are rare. Symmers,' in 1922, reported the cases of 2 patients with hemolymph 
nodes who came to autopsy. The fii-st Avas a girl three and one-half years of 
age. The necropsy findings revealed an abdominal tumor 10 by 9 by 6 cm., 
vvith widespread metastasis, notably in the mediastinum and the subperiosteal 
tissue. ^ His second ease was that of a 28-year-old man who had died of cyanide 
poisoning and, at necropsy, a 6 by 5 by 4 cm. tumor Avas found overlying the 
left pelAdc brim. The tumor had metastasized to the para-aortic region. 
Histologically, both tumors contained lymphoid cells associated Avith a large 
number of blood channels. In certain areas, there Avas distinct resemblance 
to the Malpigian bodies of the spleen. 

In 1923, Lederer^ found at necropsy, in a 14-year-old girl Avho had died 
of heart disease, large nodes in the region of the thymus gland. The largest 
node was 3 by 10 by 9 mm. 

Pemberton, Broders, and Maine,® in 1950, reported 2 cases of giant 
hemolymph nodes. Their first patient Avas a 38-year-old Avoman seen in 
1946. During the general examination, a mass Avas found in the left chest. 
At operation a tumor, 7 by 6 by 5 cm., was found adjacent to the vertebral 
column in the posterior part of the thorax and Avas removed. The second 
case, in 1949, Avas that of a Avoman, 40 years of age, Avith a complaint of 
a gradually enlarging tumor of the right anterior cerAdcal region. This 
tumor Avas removed and histologically corresponded to the structure of 
the first case and both conformed to the description of hemolymph nodes 
as outlined by 'NVarthin.® 


CASE EEPORT 

The case I wish to present was referred to me on Nov. 6, 1947, by Dr. E. J. Murray 
of the Julius Marks Sanatorium. The patient was a white man, married, 24 years of 
age, and employed as a freight handler, which entailed heavy lifting. He had been in 
excellent health until three weeks previously. His illness was acute in onset with sharp 
pain in the anterior left chest, over the left scapula, and in the upper left abdomen. 

The pain was intensified when the patient breathed deeplj' or lay on his right side. A 

week later, shortness of breath appeared and increased progressively to a disabling 
degree. A cough productive of a small amount of clear sputum had been present for 
ten days. There was no history of chills, fever, or tuberculous contacts. 

The patient, an intelligent, vigorous-appearing physical specimen, 6 feet tall, weigh¬ 
ing 200 pounds, without history of serious illness, accident, or surgical experience, had 
been rejected by the Army in September, 1945, without being given a reason; however, 
his home physician, two years previously, had told him that he had a tumor in the 

left chest behind the heart. At the time of my examination, I saw an exceedingly well- 

nourished and developed young, white man of ruddy complexion in apparent good 
health except for moderately severe dyspnea. On examination, the whole left chest 
was dull to percussion with absent voice and breath sounds. The temperature was 99.4 
F., the pulse 100, strong and regular, and the respirations were 26 to 30 per minute. 
The erythrocyte count was 5.15 million, with 96 per cent hemoglobin. The leukocytes 
numbered 11,300, with 82 polymorphonuclear, 18 lymphocytes, and 11 stab forms. The 
urine was normal both chemically and microscopically. Roentgenograms of the chest 
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Fig. 1. F1&. 2. 

Fig. 1.—Posteroanterior view of chest which icvoals a large tumor after aspiration of 
9,536 C.C. of clear, straw-coloretl from left chest. 

Fig. 2.--Lateral view of chest which shows posterior position of the giant hcmolymph 

node. 




L/ ,, 


Fig, 3.—Postoperative view' which shows complete removal of tumor. 
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were the most valuable single bit of evidence fFigs. 1 and 2). The initial films showed 
a dense homogeneous shadow involving the whole left cavity, with the heart displaced 
to the right. Within the succeeding four days, a total of 9,536 c.c. of clear, straw- 
colored fluid was aspirated. Smears, cultures, and guinea pig inoculations were done on 
rte fluid and m time all proved to be negative. Sputum was never available for study. 
X-rays of the chest following aspiration revealed a large slightly irregular tumor, approxi¬ 
mately 14 by 10 cm., projecting into the left mid-chest field. 

On Nov. 12, 1947, a left thoracotomy incision was made through the resected bed 
of the sixth rib. 


Appro.ximately 300 c.c. of straw-colored fluid remained in the left chest cavity and 
was aspirated, ^ Exploration then revealed a large, firm, slightly irregular rounded tumor 
slightly fixed in the posterior lateral gutter. The heart and great vessels appeared and 
felt normal and there was no extension or attachment to the mediastinum. The tumor 
extended posteriorly from about the fourth to the ninth ribs. The lower lobe of the 
lung was adherent to the anterior surface of the tumor by thin adhe,sions which wore 



Fig-. 4 , —Giant hemolymph node. Small lymphocytes are the predominant cells and there 
are a large number of sinuses containing erythrocytes. No Stemberg-ReeU cells were loemi- 
fled. A wide reticular framework surrounds the small vascular spaces and irregular, tmcK. 
fibrous septa divide the tumor into irregular lobules. 


easily sectioned by sharp dissection. There was no invasion of the lung or bony .struc¬ 
tures, but the tumor was rather firmly attached to the posterior chest wall. A rather 
large area of parietal pleura was removed with the tumor. The postoperative course 
was uneventful and the patient was dismissed from the hospital on the fourteenth day 
(Fig. 3). The diagnosis of giant hemolymph node made this ease of unique interest and 
as a consequence he has been closely followed. He resides in a near-by town, willingly 
returns for re-examination, and readily responds to letters of inquiry. In a recent 
communication, he stated that he was in excellent health. He maintains a weight 
of 200 pounds and is employed as a truck driver without restrictions. He is free from 
cough, sputum, chest pain, shortness of breath, palpitation or other disorder; in fact, 
he considers himself in unusually good health. 

As might be expected in a condition of such rarity, the pathologic diagnosis was 
an added problem. I referred the histologic slides to Dr. A. C. Brodens, then in the 
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Pathological Department of the Mayo Clinic, for his opinion. He kindly renen’ed the 
slides and made an unequivocal diagnosis of giant Jiemolyinph node and urged me to 
report the case because of its rarity. 

The gross specimen ■was described as a tumor mass from the left chest cavity 
measuring 14 by 10 by S era. It was enclosed hy a fibrous capsule to which fibrofatty 
tags were adherent. On section, it was composed of moderately firm, pinkish-tan tissue 
divided by irregular fibrous septa. 

Microscopically, the capsule was formed by a thin layer of collagenous connective 
tissue with fairly heavy vascularized fibrofattj* tissue adherent to the outer surface. 
Fibrous septa, having something of the appearance of splenic septa, invade the substance 
of the tumor. The pulp between the septa is not that of ordinary splenic tissue. Tlie 
basic pattern of the mass is lymphoid in 13^)6 with evenl 3 ’ spaced, fairly uniform small 
follicles throughout. All the elements appear adult and full 3 ' developed. A fine reticular 
framework supports sinuses or vascular spaces closel 3 ' packed with erythrocytes. The 
small l 3 ’mphoc 3 ’te is tlie predominant cell of the 13 'raphoid tissue. Other cells present 
in small numbers are histioc 3 'tes, neutrophils, aud occasional eosinophils. No Sternberg- 
Reed cells were identified (Fig. 4). 

Diagnosis.—Consistent with giant hemoh'mph node according to Warthin's descrip¬ 
tion. 

Note .—The diagnosis of giant hemolvTnph node had been suggested b 3 ’ Dr, Albert 
C, Broders. 


SUMMARY 

A ease of giant liemolympb node of tlie chest cavity is presented because 
of its rarity. The patient remains in good iiealth, free from recurrence or 
other disease, seven and one-iialf years after operation. 
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LOWER ACCESSORY LUNO COMMUNICATINO WITH THE 
ESOPHAGUS AND ASSOCIATED WITH CONGENITAL 
DIAPHRAGIMATIC HERNIA 

Aobkbt H. St. Raymond, Jr., M.D., James D. Hardy, M.D., and 
S. Gwin Robbins, M.D. 

Memphis, Tenn. 

INTRODUCTION 

T he anomaly referred to variously as lower accessory lung, supernumerary 
lung, or Rokitansky's lobe constitutes one of the rarest anomalies encoun¬ 
tered in the chest. This tissue is usually located between the base of the left 
lung and the diaphragm, but several eases have been reported below the left 
leaf of the diaphragm. A unique feature is that there is no connection with 
the bronchial tree. A review of the available literature reveals no previously 
reported identical case and but few that closely resemble the deformity to be 
described in this communication. 

Among the earliest reports published are those of Rektorzik,® and 
Rokitansky,® each of whom separately reported a case in 1861. Since that 
time, over 40 eases of lower accessory lobe have appeared in the literature. 
Extensive bibliographies have been gNen by several authors.^'®’ 

DeBakey® performed the first successful resection of this anomaly in 1950. 
That same year Leahy and MaeCallum^ reported the second. Although the 
majority of recorded cases of lower accessory lungs have been found at 
autoxisy, the presence of this anomaly alone is not incompatible with life. 
Davies and Gunz® mention von Meyrburg’s case (a child 5 years, 9 months of 
age), Rektorzik’s ease (a girl of 18 years) and Springer’s case (a woman of 
49 years). The presence of an associated congenital diaphragmatic hernia is 
not an infrequent finding in cases of lower aberrant or accessory lobe. Valle 
and White^® reported an incidence of 29.7 per cent. It is believed that this 
case is tlie first recorded case of lower accessory lobe communicating with the 
esophagus, and associated with congenital diaphragmatic hernia, to be success¬ 
fully treated surgically. A somewhat similar case was reported by Scheidegger^® 
who described a case of a premature infant having an anomalous lobe of lung 
adherent to the pleural side of the left leaf of the diaphragm and connected 
to the stomach by a tract lined with gastric mucosa. His case was not asso¬ 
ciated with a diaphragmatic hernia, however. 

From the Thoracic Unit of The Division of Surgery, the University of Tennessee Medical 
College, and the John Gaston Hospital, Memphis, Tenn. 

Received for publication April 22, 1955. 


354 



Volume 3 1 
Number 3 


LOWER ACCESSORY LUNG 


355 



A. B. 

FIs'. 1.—A, Plain roentjfenogram show Inc: air-fluid level ol stomach in lower left heml- 
thorax. B, Lateral x-ray view w’ithin Levin tube passed into stomach demonstrating its Intra- 
thoraclc position. 



Fig. 2.—Barium study outlining Intrathoracfc position of portion of the stomach. 
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CASE REPORT 

Btstory.—M. D., a 13-year old Negro boy, was admitted to the John Gaston Hospital, 
Feb. 8, 1955, witli the chief complaint of upper abdominal pain, which had recurred in mild 
attacks for the past year. Three weeks prior to admission, he had had an acute, severe attack 
while eating which was relieved by lying down. The last attack of epigastric cramping 
pain associated with nausea and vomiting had occurred nine days before admission. A 
routine tuberculosis survey roentgenogram had shown a translucent area in the left lower 
chest compatible with a hiatal hernia. The remainder of the history, including the systemic 
review, was essentially negative. 

Physical examination revealed a ii ell-developed, i\ ell-nourished Negro boy in no acute 
distress. The remainder of the physical findings were negatii e. 



Pig. 3.—Close-up photograph at operation demonstiating diaphragmatic iieinia and 
“accessory lobe” (being retracted upward with clamp). Note the pedicle of this lobe begins 
posteriorally In the sulcus between posterior thoracic wall and diaphragm adjacent to esophagus 
and aorta The large bronchus of this lobe entered the esophagus and the arterial blood 
supply w-as derived directly from adjacent aorta above the renal arteries. 

Eoentgen examination, whicli included a gastrointestinal series, confirmed the presence 
of the hiatal hernia with disidacement of the upper one half of the stomach into the left 
cliest (Fig. 1, A and B, and Fig. 2). 

Laboratorj’^ studies were within normal limits. 

Operation .—On Feb. 17, 1955, under endotracheal oxygen-ether cyclopropane anesthesia 
the left hemithorax was entered through the eighth intercostal space. On opening the pleural 
cavdty, a diaphragmatic hernia was immediately visualized posteriorly. Contained within the 
hernial sac was the upper one half of the stomach and the greater portion of the spleen. Upon 
retracting the left low-er lobe cephalad, a bluish-gray mass, roughly triangular in shape, was 
found lying in a posterolateral plane attached by a pedicle to the esophagus (Fig. 3). The 
mass was carefully dissected free and found to communicate with the esophagus by a 
patent passage just above the cardio-esophageal junction. The tract between the esophagus 
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and the mass was doublj clamped, divided, and the esophageal opening closed with two 
iu\ erting la) ers of No 3 0 silk The artenal supply originated from a branch of the ab 
dominal aorta m the region of the renal vessels Venous drainage was into the portal sjstem 
The hernial sac vas opened widely, the stomach and spleen were returned to the abdomen, 
and repair of the diaphragmatic hernia was accomplished without difficulty 

Tlie postoperative course was essentially imevcntful and the patient was discharged 
from the hospital on Peb 27, 1955 

Pathology Peport —The specimen received was consistent with lung tissue It 
measured C b) 4 5 by 3 5 cm and showed a somewhat smooth anterior surface with a some 
what bulging posterior surface The lower portion of the specimen was composed of a very 
large vein and arter) A large bronchus, measuring appro\imatel) 0 7 cm in diameter, which 
was connected to the esophagus, was present llie bronchial wall was smooth and thin and 
shows no unusual anatomic picture The blood \essels were transversel) seen in the specimen 
without shoiving anj blood coagulation m the lumen 

Tlie final pathologic diagnosis based on histologic sections was that of accessory lobe of 
lung showing chronic interstitial inflammation 

DISCUSSION 

Etiology —^No iinanimit\ of opinion exists with regard to the oiigin of 
lonei accessory lobe Of tlie nunieious theoiies proposed, only the ti\o which 
seem most plausible mil he mentioned The theory of sequestration advocated 
by Cockayne and Gladstone' appeals to be the most mdely accepted They be 
hexe that a portion of the embryonic pulmonaij tissue, after baling become 
adherent to a neighboring pait oi oigan from which it diaivs its blood supplj, 
secondarily may ho separated fiom the parent tissue and grow independently 
These adhesions of the lung bud to the septum transversum covering the livei, 
01 to the uall of the pleuroperitoneal passage in typical left sided cases of ae 
eessoiy lung, may iiiteifeie with a normal letraction of the lung bud from the 
abdomen into the thoiax and cause a peisistence of the pleuroperitoneal openmg 
This could explain the association of the accessoiy lungs mth left sided con¬ 
genital diaphiagmatic hernia and also the attachment of the accessory lung to 
the lower esophagus and stomach, a finding in this case 

The other prominent hypothesis, that of duplication advocated by Eppinger 
and Schauenstem,' suggests that these anomalies he interpreted as true third 
lungs lather than aberiant sequestrated lung fractions or lobes 

Although an entirely convincing explanation of the derivation of lower 
accessory lungs remains to be found, an analysis of the lepoited cases m the 
hteiature reveals certain chaiacteiistics common to all eases 

1 They consist of masses of lung tissue in various stages of differentiation 
occurring in the thoiax, lowei neck, oi upper abdomen and not connected 
with the normal respiratory tiact 

2 Despite the fact that most cases are found at autopsy, this anomaly is 
not incompatible with life 

3 In the human bemg, accessoiy lungs are much more common on the left 
side 

4 The presence of an associated defect of the diaphragm predominantly 
left sided is a not an infi equent finding 
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5. Except for an occasional rare case, the blood supply of lower accessory 
kings IS not associated with the pulmonary vascular system but is 
derived from the aorta. 

6. Although lower accessory lungs are subject to the diseases which affect 
tile normal lung, thej'- are usually free of disease. 

Our case presents several interesting points. The diaphragmatic hernia was 
detected by a routine tuberculosis survey x-ray film approximately three 
months prior to admission to the hospital and had produced no severe symp¬ 
toms until approximately three weeks prior to admission. The lower accessory 
lung was not detected by the preoperative roentgenologic examination. Al¬ 
though a patent communication with the esophagus existed, the patient had 
experienced no severe respiratory infection. This is in marked contrast with 
the case reported by Gans and Potts.® Their patient, a 5-month-old infant, had 
experienced recurrent severe attacks of respiratory infection since birth. 
The anomalous lobe was located in the apex of the left chest and was not asso¬ 
ciated with diaphragmatic hernia. 


SUMMARY 

1. A case of a lower accessory lung communicating with the esophagus and 
associated with congenital diaphragmatic hernia is presented. 

2. The possible origin of this anomaly is discussed. 

3. Successful repair of the diaphragmatic hernia, with removal of the 
accessory lobe, was accomplished without incident. 
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DIKECT EXPERUIENTAL APPROACH TO THE AORTIC VALVE 
Albekto Adam, M D , Gumersindo Blanco, 51D, Francisco L R vrrucci, 51D , 
AND Agustin Fernandez, B S 
SvN Juan, Puerto Rico 


I NTRACARDIAC smgeij undei direct \isioii is tlie logical aim of those 
endeavoiing to collect toiigeiiital oi acqiiiied lesions of the lieait Up to 
the piescnt, blind pioceduies liaie, of iiceessitj, piovided the suigeon with 
his most widelj applicable techniques, in both the clinical and resell eh fields *'' 
These limited maneiuers pieeliide the attaiinnent of diiect CNposuie of the 
stiuctuies imohed and as such lemani approMinations to an ideal 

New developments m the fields of hjpotheiiiiia,' ® pump ONjgenatois,” 
and OIOSS ciiculation techniques"’ liaic c\panded the honzons of intracauliae 
manemeis under diicet a isualization, making it possible to stop the inflow and 
outflow tiaots of the hoait foi laijing peiiods oi time and to attack most 
intiacaidiao pioblems dneotlj uiidei ciicuinstanocs which pioniise low lates 
of moibidity and nioitalitj 

The legion of the aoitie lahe stands out conspicuously as a difficult one 
to approach eien with the newer techniques Aside fiom ininoi obstacles of 
a technical natuie, such as high intialiiimnal piessuies and/oi friable muial 
tissues, free entry into this area exposes the cotonaiy ostia and leads in 
variablj to coionarj air embolism, mjocaidial anoxia, ventiiciilar flbiillation, 
and death Although some observers hare demonstiated the ieiersibilitl 
of these ehanges when eoronam air embolism and/or lentiiciilai fibiillation" 
aie piodiieed as isolated expeiimental situations, it is logical to assume that if 
they oecuiied conciiiientlj with manipulations at the aoitic lahe area the 
associated mortality would use significantly 

A numbei of techniques hare theiefoie been densed to appioach the 
aoitic vahe Those meeting ivith success in the expeiimental animal and in 
the human being aie imaiiably blind proccduies iiiioh iiig 


1 Introduction of ingeniously designed instiuments through the left 
lentiicle with the pin pose of fiactuiing oi dilating the aoitic lahe fiom 
below 

2 Apphcation of vaiioiis giafts of peiieaidium, lessels, and plastic 
piosthesis to the base of the aorta, and intioduction of the manipulating 
finger or instiument through these tunnels to obtain the desiicd intia 
cardiac a alvular effect 


Prom the Department of Surgery and the Experimental Surgerj Laborntorj 
Rfedlclne Unl\crslty of Puerto Rico San Juan P R 
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Our first approach to the problem Avas to preA'^ent air embolism of the 
coionaiies by cessation of cardiac contractile actmty Avhether by electric 
shock, Avith ensuing fibrillation, or by perfusion of the coronary system Avith 
potassium chloride Avith ensuing cardiac arrest in asystole. The proximal aorta 
Avould then be opened, the desired defect produced, and the aortic incision 
closed under AAmter to preA^ent entrance of air after normal contractile activity 
Avas re-established. 

These efforts failed invariably, in our hands, because of the difficulties en¬ 
countered in restoring persistent normal cardiac r3ffhym for significant periods 
of time after the aorta Avas closed. 

It has been the purpose of this uiA'-estigation to develop a suitable ap¬ 
proach to the aortic Amhm under direct vision and concomitantly eliminate 
the complication or air embolism to the coronary arteries. The result of these 
experiments represents a phase in this project. Our final goal Avill be directed 
toAvard developing a method by Avhieh the condition just mentioned Avould 
be satisfied and the period of time available for direct valvular surgery be 
adequate. 

METHOD 

Adult mongrel dogs weighing from 7 to 10 kilograms were employed. The animals were 
anesthetized by the administration of 30 mg. Nembutal per Inlogram of body weiglit. 
Some were cooled to 27° to 28° C. rectal temperature with a refrigeration unit equipped 
with cooling blankets. An intratracheal tube was inserted and artificial assistance to 
respiration carried out by an automatic respirator. 

The thorax was entered through an incision in the right fourth intercostal space. 
The superior and inferior venae cavae were then isolated over umbilical tapes preparatory 
to future occlusion. The azygos vein was ligated in continuity, thus securing control over 
cardiac inflow. 

The pericardium was incised longitudinally, parallel and 1 cm. anterior to the right 
phrenic nerve, and its borders were sutured to the thoracic wall, lifting the heart up¬ 
ward to provide better exposure. The tip of the right auricle was grasped with a 
hemostat and ligated so it would be pulled away from the aorta, exposing the proximal 
aortic surface. Dissection of the anterior aortic fat pad was then carried out and both 
posterior and anterior fat pads were grasped with hemostats for traction, in order to lift 
the vessel into closer view. 

At this point dissection at the aortic origin was abandoned and, after mild rotation 
of the heart, a purse-string suture was placed in an avascular area of the apex of the left 
ventricle. 

A stab wound was made in the center of this area, entering the ventricular cavity 
and through this wound a No. 20 polyethylene catheter was introduced. The latter had 
been previously connected to a saline reservoir. Care was taken that all tubing up to the 
catheter tip was filled with fluid. 

The purse-string suture was tied snugly about the catheter securing it to the ventricular 
wall. Preparations were then made to enter the aorta, and, with all instruments in readiness, 
the superior and inferior venae cavae were occluded by tightening the umbilical tapes about 
them. 

Exerting upward traction on the fat pads, as described previously, the aortic origin and 
its sinus of Valsalva were brought into prominence so that an incision about 1.5 to 2.0 cm. 
in length could be made along the long axis on its anterior wall. 

Upon entering the lumen of the arteiy, a steady flow of saline solution was allowed to 
enter the left ventricle via the polyethylene catheter, and in a few seconds this waslied the 
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blood from the ventricular cavity through the aortic incision. The structures at the aortic 
valve were then clearly visualized. Exposure of the valve was enhanced by placing a small 
retractor at the proximal end of the aortic incision, carefully avoiding tearing the 
vessel wall. 

A suture of Ko. 4-0 silk Avas then placed to include two adjacent cusps near their 
mural attachments. During suture, the saline stream could be controlled so that it merely 
covered the intimal surfaces and the coronary ostia, and did not obscure the operative 
field. 

Upon tying the aortic valvular suture, the stream was again increased and suture 
of the aortic incision was begun. Simultaneously with or just previous to the conclusion 



of aortic suture, the saline stream was discontinued to prevent overdistention of the loft 
ventricle. The cardiac inflow tract was also opened slowly, releasing the constriction on 
the superior vena cava first and that on the inferior vena cava a few minutes later. By 
the time aortic closure was completed, the heart had assumed strong regular contractions 
and the ventricular irrigating catheter was withdrawn followed by the placing of a 
suture to close the small ventricular W'ound. 

All pericardial sutures were divided, the incisions were inspected for evidenres of 
bleeding, and the heart was allowed to resume its normal position. The pericardium was 
sutured loosely over the heart in a few’ instances. 

Both pleural cavities wore made dry of saline solution and blood by suction, and the 
chest was closed in layers leaving a rubber intercostal catheter in the right custophrcnic 
sulcus to which suction was applied. 
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Tlie hypothermic animals were then rewarmed; a process which usually took one and 
one-half to two hours. By the end of this period, spontaneous respirations had reappeared, 
making the use of a respirator unnecessary. Four hundred thousand units of penicillin 
w'ere injected through the intercostal catheter and it was withdrawn. The animal was re¬ 
turned to his cage. 

Electrocardiographic tracings were obtained before and after surgery*. 

DISCUSSION 

Twenty dogs were oiierated upon by this method; 11 were hypothermie, 
9 Avere normothermie. Duiing the period of inflow tract occlusion, intra¬ 
aortic maneuvers could be carried out for 2 to 4 minutes, allowing ample time 
for commissural suture Avith the production of Amrying degrees of stenosis. 
Exposure of the Amh^e leaflets Avas adequate after a short (15 to 20 seconds) 
initial period to allow clearing of the left ventricle of its contained blood by 
the irrigating saline solution. 

TAvelve dogs exhibited ventricular fibrillation Avhich usually occurred at 
the termination of aortic closure. The onset of this arrythmia coincided in 
many cases with release of the cardiac infloAv tract. In these dogs, ventricular 
contractions, Avhich had been getting progressively Aveaker, Avould become 
almost imperceptible. It Avas observed that if the stream of saline solution Avas 
not cut off just preAdous to this moment, or if both superior and inferior venae 
caAme Avere released simultaneously, marked distention of the right chambers 
Avould occur Avith the appearance of aiTythmia. Fibrillation Avas 'treated Avith 
the usual measures of massage, intracardiac Adrenalin, and electric shock. 

Ten dogs succumbed within forty-eight hours of the procedure and are 
considered operative deaths. Of these, only 2 died during the operation, both 
from irrcA'^ersible A^entricular fibrillation. One of these is the only case in 
Avhieh air embolism of the coronary circulation occurred, and in this dog the 
ventricular catheter became dislodged so that the coronaiy ostia Avere exposed 
to air for at least 2 to 3 minutes Avith resultant massive air embolism. 

The remaining 8 early deaths can be attributed almost excluswely to 
technical errors. Insecure aortic closure resulted in cardiac tamponade (1 
case), and hemorrhagic shock (2 cases). 

One of the early cases Avas lost at the table (preAoously mentioned) be¬ 
cause of persistent Amntricular fibrillation at the time both infloAV tracts Avere 
released. 

Although measures to stop ventricular fibrillation appeared to be success¬ 
ful in many cases, recurrence of fibrillation must explain some of the remain¬ 
ing deaths. Again, undue prolongation of intra-aortic maneuvers, particularly 
in normothermie animals, must have caused irreversible cerebral damage and 
contributed to the high mortality. 


SUMMARY 

1. A direct surgical experimental approach to the aortic valve is presented. 

2. TAventy dogs Avere operated upon by this method and the results are dis¬ 
cussed. 
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3 Air embolism to the coionaiy vessels is eliminated by tins technique 

4 A 50 pel cent mortalitj iiithin foit 5 eight boms is lepoited, ascribed in 
laige measiue to technical eiiors during the opeiatn e piocoduie 

5 The surviving animals will be studied iMth legald to physiologic and 
pathologic changes resulting fiom aoitie lalie siituie 

6 The shoit duration of the aiailable operating tune foi intia aoitio 
maneuvei and the high incidence of icntiicuiar fibrillation limit the possibilities 
of any clinical application at this time Furthei expeiimcnts aie in progress 
in an attempt to collect these defieiencies 
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EXPERIMENTAL METHODS FOR PRODUCINO A COLLATERAL 
CIRCULATION TO THE HEART DIRECTLY FROM THE 
LEFT VENTRICLE 

Alfred Goldman, M.D., Seymour M. Greenstone, M.D., Fred S. Preuss, M.D., 
Sherman H. Strauss, M.D., and En-Shu Chang, M.D. 

Duarte, Calip. 

^URRENT operative procedures designed to re-establish adequate myocardial 
circulation in human and experimental occlusion of the coronary arteries can 
be grouped under the following categories: (1) application of an inflammatory 
agent like powdered talc or asbestos to the abraded pericardium to create a 
vascularized granuloma with or without partial occlusion of the coronary sinus,^ 
(2) arterialization of the coronary sinus by placing a free vein graft between 
the aorta and coronary sinus or by direct anastomosis,® (3) the grafting of 
vascularized tissue to the myocardium (omentum,® mediastinal fat,"*’ ® skeletal 
muscle,® and other tissues), and (4) the implantation of a third artery (internal 
mammary) into the left ventricle.® In these operations, the improvement 
of the coronary circulation is achieved: (1) by extracardiac vascvilarization, 
and (2) by stimulating the development of intereoronary arterial anas¬ 
tomoses.^' ® 

The existence of a large and constant supply of arterial blood in the left 
ventricle made it logical to infer that the circulation to ischemic heart muscle 
could be materially improved if a practical method were devised for channeling 
blood in functional amounts from the ventricular chamber to the surroundhig 
myocardium. Accordingly, experiments were performed on dogs Avith intra- 
myocardial arterial and polyethylene tube grafts. 

The purpose of this paper is to describe three surgical methods for apply¬ 
ing the foregoing principle and to compare their efficiency by subjecting the 
grafted animals, together with suitable controls, to test ligation of the anterior 
descending coronary artery. 


methods 


1. V-Shaped Arterial Grafts (21 dogs).—Open pericardiotomies through 
an incision in the fifth interspace, Avith intratracheal Nembutal-oxygen anes¬ 
thesia, Avere performed under standard operating room conditions upon dogs 
of mixed breed Aveighing from 12 to 23 kg. A segment 4 to 6 cm. in length AA'as 
excised from the left carotid artery through a separate incision in the neck. 
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Approximately ten openings, of 1 to 3 mm. each, were made by removing por¬ 
tions of the arterial wall with fine, shai-p scissors. The prepared free carotid 
arterial graft was threaded through the left ventricular wall in an area sup¬ 
plied by the anterior descending coronary artery to form a U-shaped perforated 
graft with the loop lying free in the heart cavity and the ends sutured loosely 
to the epicardium. Thus, new channels were created for blood to flow directly 
from the ventrieular chamber into the heart muscle via the lumen of the 
arterial graft as well as through the spaces betiveen the graft and myocardium 
(Pig. 1). In addition, the proliferating endothelium, by way of the pei’fora- 
tions, was afforded an opportunity of fo.stering anastomotic channels with 
surrounding myocardium. 



Piff 1 —Free carotid artery graft 

In 2 groups of these prepared animals, after three weeks and two months, 
respectively, a second pericardiotomy was performed to test the protective 
effect of the arterial graft against acute myocardial ischemia. Tiie myocardial 
circulation was challenged by ligating the anterior descending coronary 
artery immediately distal to the circumflex branch. No special effort was 
made to include the septal branch in the ligation. The pericardial incision was 
made small in order not to disturb newly formed adhesions. The pei-ioardium 
was sutured loosely and the chest wall closed in layers without drainage. 
Twenty-four hours or five days later, the surviving dogs were anesthetized 
and sacrificed by opening the thoracotomy wound and removing the beating 
heart. Procaine penicillin, 500,000 units intramuscularly, was given for two 
to three days after each surgical procedure. In some instances, India ink, in 
amounts from 1 to 2 c.c., was injected under low pressure through the peri¬ 
cardial end of the arterial graft. The removed heart and pericardium were 
fixed in 10 per cent formalin. 
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jMeasurements aie in millimeteis and AB and CD leprehent tlie iiidth and 
length of the infaicts, and IF Z and X I' the width and length of the lentiieles 
(Fig 2) 

Beginning at the apex, the heart was cut with an electric sheer into sections 
2 to 3 mm thick, at light angles to the anteiioi descending coionaij All of 
the slices containmg the mfaict weie then replaced in then piopei sequence 
one against the othei, and the distance in millimeteis between the fiist and last 
slices was taken to lepiesent the length of the mfaict (-1 B m Pig 2) The 
longest tiansieise measuiement of the infaict aica in anj of the slices was 
aihitiaiily taken as the width of the entiic mfaict {C Dm Pig 2) 

The third dimension (N) was giadcd 1 to 5 as follows (1) Absence of gloss 
infarction (2) Patch} mtramuial infarction (3) Suhendocardial neciosis 
w ith 01 without septal ini olvement (4) Suhepicai dial mi oh ement m addition 
to N 2 and 3 (5) Neciosis thioiigh and thiough the ieiitiiciilai wall 

B Pcncardxal Reaction —This was giaded 1 to 4+, as follows 1+, few 
film} adhesions, 2+, extensive, film} adhesions, 3+, thick adhesions, and 4+, thicl< 
extensii e adhesions which w hen separated b} blunt or sharp dissection w hile the 
heart was beating left oozing cpicaidial and peiicaidial sin faces 

The slices weie studied giossl} ioi location and patenoi of the giaft and 
size and distiibiition of the mfaicts Suitable micioscopie sections weie pro 
paied fiom these slices 

RESULTS 

U Shaped Grafts —(Tables I and II) The 3 gioups of animals omploiod 
showed a gieatei degieo of protection against ligation than an} of the othei 
gioups The peioentage of suiiivors was gieatei and infaict size smallei 


Ta1II,F I ReSDLTS in CONTKOIS AND U GKIPTS IS LEFT tFSTriCIl 


CROUP 

NUIIBEP 

OF 

DOGS 

I El CENT 
SUrVIMNC 

AFTER 

CHAILENrt 

SIZE OF 

INFAPLT 
(MEVN ir) 

^ lEPirVIDIAt 
ADHESIONS 

Noimal controls 

IS 

J9 

50 8 

1+ 3+ 

Chromic phosphate controls 
a P3'’ 

7 

57 

54 7 

0 1+ 

b No P3" 

7 

57 

57 8 

0 1+ 

U graft 2 mouths 

7 

100 

51 0 

3+ 4-1- 

U graft 3 >\eeks 

7 

S5 


3+ 4+ 

Multiple U grafts 2 months 

7 

100 

34 7 

3+-4+ 

Table 11 Infarct fcjiZE in IMultiple U Gi afts in 7 Dors 



NUMBFI OF 1 
DOG 1 

A B* 

C D* 

W 7' 

X 1* 

IB* 

|v NUMBIR* 

18 MG 5 

4 5 

4 5 

85 



4 

30 MG C 

30 

40 

70 



) 

3o MG 8 

05 

4 j 

85 


^HTiH 


08 MG 10 

50 

4 0 

70 




100 MG 13 

48 

45 

76 




70 AIG 14 

3 5 

40 

OO 

7 0 



24 MG 15 

2 5 

15 

00 


9 



•See text for definition of sjmbol% and compilation of IR 
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(Figs. BA and BB). Ballooning and cyanosis immediately after ligation were in- 
conspicnous.^ In each of the groups, vascularized pericardial adhesions were 
well developed especially about the pericardial ends of the grafts. When these 
adhesions were cut -while the heart was beating, there was sustained oozing of 
bright red blood from the muscular side around the graft as well as from the 
pericardial side. In the 2-month groups, denser, less vascular adhe.sions were 



i 



PO0 wo 



Fig. 3A._Comparison of infarcts in control Dos No. G2 with 5-day infarct: and Dog No. 

100 MG 12, muitiple (2) U-graft with 5-day infarct. 

Control IR = 59.1 N = 4 
U-graft IR = 37.1 N = 3 

to the U-grafts. 


consistently found over the distal anterior descending colonarJ^ Gross examina 
tion demonstrated patency of all grafts. The patency was not always uni orm 
in a given graft; as a rule, the portion which pro,iected into the ventricle re- 
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tained its patency more satisfactorily than the intramiTral segment. Microscop¬ 
ically, there was only minimal necrosis even after two months, despite the fact 
that the grafts had remained in acutely ischemic areas up to five days after 
challenge. Frequently there was free blood in the lumen. Hematoxylin-eosin 
stains showed pronounced intimal proliferation hut also, in some hut not all, 
varying degrees of degeneration of the arterial wall (Pig. 4). In the hearts 
injected with India ink, many newly formed communicating vessels were 
demonstrated within the ischemic area (Pig. 5). 



Fie 32?—Camera Lucida tracings of infarcts m Fic 3/t Note smaller size infaict in 
Doff No 100 MG 12 prepared Ttith U-gratts 

Straight Arterial Graft .—Pour dogs comprised this group At the time of 
challenge, three weeks after implantation, there was thrombosis in each in¬ 
stance in the portion of the graft which projected into the cavity of the ven¬ 
tricle Yet, 3 of the 4 (75 per cent) survived the ligation and in those the grafts 
were well tolerated by the animals without loss of weight. Pericardial adhesions 
were 4+ in 3 dogs, and 1-r in 1. The presence of thrombosis in the intracavitary 
projection of the graft and the microscopic findings indicated that at least 
some of the blood reached the myocardium via the myocardial space surround¬ 
ing the graft. 
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Polyethyle7ie Ttibing. —Ten dogs comprised this group. Five dogs died be¬ 
fore the end of the preliminary period of three weeks; 2 from embolism, 1 from 
pneumonia, 1 from hepatitis, and 1 from an error in ligation technique. The 
dogs tolerated the polyethylene graft poorly and all the grafts wei-e thromljosed. 
Only 3 of the 10 animals could be challenged by ligation and but 07 ie of these 
survived the challenge. 

Normal Controls. —In the 18 dogs which were used, death occurred with¬ 
in twenty-four hours in 11, or 61.1 per cent, and all but a few died before the 
end of the first hour after ligation. The behavior of these animals after the 
coronary artery was tied was very different from those prepared with U-shaped 



Fig-. 4.—Dog No. 25 MG S: U-graft in place for two months and in infarcted area five 
days. TSSote the necrosis of aiteria! wall, intimal thickening, narrowing, and thrombosis. 
Adjacent large vascular space with free blood is also present. (Microphotograph X50.) 

grafts. Ballooning and cjmnosis were conspicuous and the rapid onset of myo¬ 
cardial ischemia was further suggested bj' the early appearance of ventricular 
fibrillation which often developed within minutes. The mortality was approxi¬ 
mately two and one-half times as great and the size of infarcts was greater, 
only a mild pericardial reaction developed and, microscopically, there was 
evidence that myocardial repair was delayed. Estimation of the third dimen¬ 
sion of infarcts showed many with ratings of N 4 and 5. 

Chromic Phosphate Controls (Sham Operations).—Ballooning and cyanosis 
were as pronounced and as frequent after ligation as in the normal control 
group and the IK was not significantly different. On the other hand, the pro- 
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portion of survivors indicated that the iutrapcrieardial instillation of chromic 
phosphate provided some degree of protection against challenging ligation 
(Table I). The results in the group which received the radioactive compound 
were essentially the same as those treated with the nonradioaetive salt, and 
the tests of benefit by survival and infarct size indicated that these compounds 
were of no value in augmenting the coronaiy circulation. 



FjR. 5—Doff No 98 JIG 10: U-graft in place two months and in mfarcted area fi\e da>.‘i 
India ink injection Note that the graft is surrounded by numerous small \essels filled with 
India ink (Jlicrophotograph X120.) 


DISCUSSION 

In an effort to improve the circulation of the myocardium in artificial!}’ 
induced ischemia, arterial grafts, both single and multiple, were inserted into 
the wall of the heart in such a way as to provide direct and immediate access 
of ventricular blood to the heart muscle. In the scries of U-grafts animals 
tested against suitable controls, such a grafting operation did provide a certain 
amount of protection against the effects of ligation of a major coronary artery, 
as measured b}' infarct size and survival time. The difference between siin-ival 
in the 18 normal control and the 21 U-graft dogs (Table I) was analyzed and 
these results were found to he statistically significant.* These favorable effects 

•These results were analyzed statistically according to a method of chi square de«!Crlbed 
by Fisher and Yates* and applied to tests of significance for 2X2 contingency tables wltli 
one degree of freedom This method Is recommended where the smallest expectation of any 
class Is less than 100. By this method chi square was equal to 11.9 and the different e there¬ 
fore between the controls and experimental^ was significant. 
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on survival statistics are further enhanced by the results in the chromic phos¬ 
phate controls, which as sham operations increased survival only insignif¬ 
icantly. 

An unfavorable factor was the development of occlusive narrowing and 
progressive loss of mobility of the grafted artery, but it is notable, in some 
instances, that blood continued to reach the myocardium from the ventricle 
through the thickened grafts and especially via spaces and new vessels around 
the occluded graft. Gregg and Eckstein^® have slated in I'eferenee to vessels 
embedded in myocardium that “when blood from the aorta flows through an 
embedded (arterial) segment a systolic flow may occur.” It is reasonable to 
assume that a similar systolic flow should occur from the left ventricle through 
the thick-walled U-grafts. Beck and Leighninger” have accentuated the fact 



Fig 6 —Dog-. No 82 MG 16 sacnBced three and one-half months after preparation with 
two U-grafts. The metal probes are placed inside the patent lumens of the grafts Note 
thickening of the iialls of the grafts, and patency of both the intramural portions. A, ana 
the intraventricular loops, U. 

that relatively small quantities of blood (1 to 5 c.c. per minute) are sufficient 
to inhibit fatal trigger mechanisms arising in ischemic muscle. It is believed 
that the U-grafts should have been able to supply such needed amounts to the 
myocardium. 

The ultimate fate of these free arterial grafts is not yet known and longer 
term experiments are already under Avay (Pig. 6). An additional group of 7 
dogs ivith 3 parallel U-grafts has already survived in good general condition 
for four to six months, indicating that these grafts are well tolerated for such 
longer periods. The testing of the sur%dval of these free grafts by the present 
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experiments is the severest kind of test because they are placed in an acutely 
infaicted area, and the mieroseopie obsei rations indicate that the arteij 
survives better in the healthy muscle than m the infaicted aiea 

It IS piemature to state that the piineiple of diiect tiaiisfer of arterial 
blood from \entiicle to myoeaidmm can be applied to the suigical treatment of 
human coionary occlusion Moic studies are needed to iniestigate the sui 
\ival of grafts in chionic expeiiments, to explain the meclianism of protection 
when grafts become occluded and to ascertain the laliie of giafting in heaits 
■uhicli have siuvived the effects of acute or chionic coronary occlusion 

SUMMARl 

1 A new principle invoKing fiee arterial grafting foi iciasculaiizing the 
dog’s heart directly from the left lentricle Mas explored and 3 opoiative tech 
niques described TJshaped and stiaight carotid giafts Mere implanted in the 
left ventricle in such a May as to channel aiterial blood diiectly fioni the 
heart chambei to the myocardium 

2 Dogs Mitli arterial giafts weie challenged bj ligation of the anteiioi 
descending coronary aiteiy Piotection m the giafted dogs Mas tested by 
suiviial and infarct size, and a comparison made Mith the results in eontiols 
A piaotical method foi estimating infaiet size was desciibed Significant 
protection against ligation was observed, notably in the animals which re 
eeived the U grafts Twenty of 21 dogs, or 95 per cent, survived ligation after 
implantation of single oi multiple U giafts as eompaied ivith 39 per cent m 
controls 

3 Polyethylene tubes engrafted into the hea't and colloidal cluomic phos 
phate, radioaotiie and nonradioactivc, instilled into the pericardial sac gave 
disappointing results 

4 A degree of protection Mas acliieicd e\en mIioii tluombosis deieloped 
in the aiterial graft, suggesting that blood may have leached the myocardium 
via channels around or connected to the aitei j 

5 A biief leport Mas made on piomismg long term experiments now in 
progress 

6 The application of the giaftuig principle to human surgeiy was dis 
cussed 
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Erratum 

In the article by Dr. Charles C. JIacklin, entitled ‘ ‘ Induction of Bronchial Cancer by 
Liocal Massing of Carcinogen Concentrate in Outdrifting Mucus,” which appeared in the 
February issue of the Journal, pages 238-244, the last two sentences under the heading 
* Trachea ’ ^ on page 243 should read as follows: 

the cancer-producing action were primarily on the first part of the air tract en- 
muntered by the entering carcinogens we would expect to find the trachea more heavily 
mvolved than the great bronchi. By the time the mucus gets to the trachea it is doubtless 
iepleted in carcinogens.” 
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DEFINITION 

T he term aortic btenosis refers, to a sieaificant narrowing of the orifice of 
the aortic valve. While it may be related to the presence of a constricted 
valve annulus of congenital or acquired origin, it usually is the result of 
intrinsic stiffening of the leaflets.or cross fusion of their free margins (com¬ 
missural obliteration). 


HISTORICAL OBSERVATIONS 


Eiverius,' in 1647, apparcntlj- was the first to describe the pathologic changes 
of what undoubtedly was calcareous aortic stenosis, and to correlate them with 
the clinical features of a weak pulse and diminished arterial pulsations. Ra 3 '- 
gcr,= Coivper,’ Vieussens,-' and Morgagni® have contributed eai-ly to the under¬ 
standing of this entitj’. 
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ETIOLOGY 

It is believed that clinical aortic stenosis may be caused by congenital de¬ 
formation, by arteriosclerotic changes in the aortic wall and valve leaflets, by the 




Kg'. 1.— A, Caplike congenital fusion of aortic valve cusps. (From Bailey, Surgery of 
ihe Heart, courtesy Lea & Febiger.) 

B, Asymmetric congenital fusion of aortic valve cusps with only one commissure open. 
(From Taussig, Congenital Malformations of the Heart, courtesy Commonwealth funa.; 

G, Poststenotic dilatation of ascending aorta m congenital aortic stenosis. This also 
may he ohsei'ved in certain patients with long standing acquired stenosis. (hrom Barley, 
Surgery of the Heart, courtesj’’ Lea & Fehiger ) 

Z), Congenital fusion of tw'o aortic leaflets producing a bicuspid valve. Note rudirtieritary 
raphe dividing the larger cusp. This patient exhibited aortic regurgitation as wen as 
stenosis. 
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ulceiati\c and Iiealmg plmtes oi bacterial ciidoeaiditis supci imposed upon a 
pieiioush almoimal lahe, and, most commonlj, bj the effects of ilieumatic 
sahulitis, alone 

Congenital Aoitic Stenosis —It is elcaily evident that aoitic stenosis inav 
be of congenital oiigin In these eases, time may be a gencialized In-poplasia 
ot the fiist portion oi the aoita and the valve, often associated with a subvalviilai 
stenosis In otliei instances, the valve mav piesent a “cap like’ oi “megaphone 
like” fusion of the eusps, foiming a funnel shaped diapliiagm with a small 
eentiallj or eccentrically located oiifiee The lattei maj lepiesent an incom 
plete ohlitciation of one commissure (oi two) In congenital eases, a post 
stenotic dilatation of the ascending aoita is usual (Pig 1, .1, B, C) Tins plie 
nomenon also mav he observed somttimes iii eases of long standing advanced ae 
quiied aoitic stenosis 

Anothei type of congenital aoitic stenosis is that which is associated with 
a Incuspid aoitic valve Howevci, not all bicuspid aoitic valv'es aie stenotic, 
some aie associated with ieguigitation In most of these valves, two of the 
eommissiues will he iioimal hut one (usuallj the aiiteiioi) wnll he found to he 
undei dev eloped oi incomplete It mav be lepresentcd hv a ludimentaiv laplie 
dividing the laigei of the cusps (Pig I, I)) This tvpc of valve fiequentiv is 
found in association with coaictation of the aorta Indeed, IJeifenstein and his 
associates'' have lopoited that 42 7 pei cent of then senes of 104 patients with 
coaictation also had a bicuspid aortic valve 



Fiff 2 —- Vrterio«icIei otic lortic i^tenosis does not pro luce obllterntlon of the commissures 
Instead the leaflets ma> become stiffened an l spnnpj but pre'^er^e theh n itunl anatomical 
contours (From Bailej Surgery of the Heart courtesj Lea Febiger ) 

Artenoscleiotic Aoitic Stenosis —IMicieas foiinerlv it was felt genciallj 
that aecpiired aoitic stenosis, especiallv when associated vvitn calcification, was 
usiiallv of aitciioseleiotic oiigin, ® todav, most anthois tool that the iiiaioiitv 
aie caused h} rheumatic valvulitis”** In oui exiitiience, appiovimatelv one 
half of the patients with acquiied aoitic stenosis also piesent coe\istnig indis 
putable ilieumatic disease of the mitral valve Picsiiinahlv, both valves in tins 
gioiip of patients have been affected hj the same etiological piotess Puithei 
moie, since the m.ijontv of the lemainmg patients pitsont a spectinm of 
aoitu pithologj winch is identical viitli that ohseivcd in combined aoitie and 
initial valvulai disease wc are inclined usuallj to indict the ilieumatic st.ite 
foi the initiation of acqnued aoitic stenosis The fiequoncv of the ocunreuce 
of calcification in the involved valve is not peitinont since calcification develops 
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occasionally in congenitally deformed, and, very often, in rheumatic stenotic 
valve lesions. ^ It is found to a greater or lesser extent in over 90 per cent of 
stenotic aortic valves examined digitally during transaortie surgezy or at 
autopsy. 

In general, we have felt that the arteriosclerotic process does not produce 
commissural fusion but merely stiffens the nondeformed valves in a position 
of incomplete closure*^* (Fig. 2). Thus, some insufficiency must coexist in prac¬ 
tically evei’y one of these valves. 

Aortic Stenosis Resulting From Subacute Bacterial Infection. —While such 
lesions undeniably exist due to the organization of the vegetations and the 
fibrosis which ultimately may develop upon the healing ulcerative lesions, they 
are relatively rai'e. Since bacterial infection apparently always must be super¬ 
imposed upon a valve already deformed by congenital malformation or rheu¬ 
matic distortion, the strucWral abnormality tends to follow the pattern of the 
primary pathology and is amenable to therapy appropriate for it. 

Rheumatic Aortic Stenosis. —The pathogenesis and pathologj’’ of rheumatic 
aortic stenosis are in most respects analogous to that of rheumatic mitral stenosis, 
so well described by Rokitansky*^ and Magarey.*® It appears to occur clinically 
about one-fifth as frequently as the latter disease, and shows a preponderant 
predilection for males. Aortic stenosis was diagiiosed in 365 (32.5 per cent) of 
1,585 patients operated upon for rheumatic valvular disease at the Hahnemann 
Hospital in Philadelpliia. Blieumatic vegetations developing upon the free 
margins and the lunulae (zones of leaflet contact) of the cusps produce surface 
irregularities upon the ventricular a.spect of the valve. Blood flowing through 
the valve passageway develops a peripheral turbulence due to this roughening 
of the walls of the channel. In spite of the rapid blood flow, a certain amount 
of surface deposition of platelets and fibrin results (perhaps related in part to 
defibrination of the flowing blood). Organization, both of the vegetations 
(really minute thrombi) and of the fibi-inous deposit upon the valve, applies a 
thin layer of scar tissue upon the A’^entricular aspects of the cusps and over their 
free margins. Until the surface irregularities have become buried completely 
within additional subsequently laid dorni lamellae of sear tissue and incorporated 
within the thereby thickened valve substance, the process must recur from 
time to time even in the absence of any further rheumatic exacerbation. Ob¬ 
viously, an exacerbation of the rheumatic state may reproduce a new cycle 
of surface irregularity, turbulent flow, fibrinous deposition, organization, etc. 
Thus, “new” tissue of fibrous character becomes added to the ventricular 
aspect of the leaflets. To a lesser extent, the process may “spill over” onto 
the concave aspect of the valve and bring about thickening of the aortic sur¬ 
faces of the cusps. 

At the same time, the fibrinous exudate, due to the incessant movement of 
the cusps, tends to become heaped up and to bridge the most peripheral ex¬ 
tremities or angles formed by the adjacent cusps at their aortic attachments. 
As this fibrin becomes organized, the peripheral portions of the free margins^ of 
the cusps become adherent. Ultimately, a centripetally progressive adhesive 
valvulitis results in extensive cross fusion of the free edges and the lunulae 
of the leaflets (Fig. 3, A, B, C, D, E). 
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Logicallj, this piocess, if sj mmetiical, gradually should i educe the valve 
oiifice to a tiny central equilateial triangulai opening Hoiveiei, piogrcssne 
eentiipetal eioss fusion of the leaflets maj advance inoie lapidly m one oi two 
commissures while the remaining two oi one iiiaj be less involved Thus, a 
bicuspid tianstoimation of the valve may take place, oi but a single slitlike 
ladiating apertuie may persist (Fig 4, A, B, C, D) Commissuial obliteration 
(cioss tiisioii ot the adjacent free maigins oi the cusps) beginning at the base 
of the valve is the most ehaiacteiistic gioss anatomic featuie of iheuiiiatic 
stenosis ocouiiing m the aoitic valve (as well as of the mitial and tiioiispid) 
Late contraction of the accumulated lamellae of seai tissue which have 
been laid down upon the free margin of the ieduced valve oiifiee may lead 
to a seoondaij “puise stung" type of naiiovviiig of the cential (oi ecoeiitrio) 
lesidiial opening Thus, the initial stenosis, due to the commissui al oblitcia 
tioii, may become even tightei On the other hand, the majoi line or diieetion 
of placement of the stiands of scai tissue applied to the suifaee of the valve 


A B 



Fig 3 —A Early appearance of vegetations upon the zones of leaflet approximation In 
rheumatic aortic \al\uUtls This localization ma> be related to the repeated trauma of 
^alve closure b The surface irregularities produced by these vegetations engender ix turbu 
lence of flow which leads to recurrent deposition of fibrin and platelets upon the \entrlcular 
aspect of the \alve C Beginning cross fusion of peripheral portions of adjacent leaflets due 
to organization of heaped up flbrin D, Centnpetally progrtssi\e obliteration of \al\e com 
mlssure E Final state of nearly complete commissural obliteration (From Bailey Surgcr> 
of the Heart courte«;y Lea Febiger ) 


may be such that the piepondeiant late clfect is leti action of the thickened 
maigiiis of the cusps tovvaid their basal attachment Again, this maj be either 
a sjmmetrical oi an asyrametiical phenomenon Thus, aeeuiate diastolic 
coaptation of the apposed valve edges may become impossible, causing a 
gi eater oi lesser degiee of ineompctencc to become supei imposed upon the 
piimarily stenotic lesion Not mliequcntl}, the clinical evidences of such 
legiirgitatioii maj come to ovei shadow those of a dvnamicallv less sigiiifi 
stenosis (Pig 5, A, B) 



Fig. 4. — A, Photograph showing early stage of rheumatic aortic stenosis. Note begin¬ 
ning symmetrical obliteration of the commis.sure.s. (Courtesy Dr. Raymond Truex, Hahne¬ 
mann Hospital, Philadelphia.) 

B, Advanced aortic stenosis showing complete obliteration of two commissures, a radi¬ 
ating slitlike opening representing the one remaining unfused commissure. (From McMillan, 
Aortic Stenosis: A Post-mortem Cinephotographic Study of Valve Action, Brit. Heart J. 17: 
oG, 1955.) 

O, Complete obliteration of one commissure while the others remain open. This results 
in,bicuspid transformation of the valve. (From Bailey, Surgery of the Heart, courtesy Lea «& 
Febiger.) 

'D, Extensive symmetrical obliteration of all three commissures reduces the valve opening 
to a diminutive central triangular passage. (From Gould. Pathologj^ of the Heart, courtesy 
Charles C Thomas.) 
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Fig C — 1 Extensive calcification of tlic aortic valve seen from the arternl n«?pect Note 
irregvilar excrescences extending up the wall of the aorta 

B \entncular aspect of 8i\ e\tensl\el> calcified aortic valve This calcific tion /nay 
extend into the septal cusp of the mitral valve as well as Into the Intcrventn ar septum 
C, Clamshell like aortic valve presenting extreme calcification and onl a very 
slitlike residual orifice (toward the right of the photograph) (From BallO ourgerj of the 
Heart courtesy Lea S. Feblger ) 

D Forcible instrumental separation of valve seen In Fig T (7 Note H/r tation of possible 
restitution of valve movement due to extreme rigidlt> of Ij i « (from 

Surgery of the Heart, courtesy Lea & Feblger ) -x > 
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With the prolonged inimohilization of the thickened leaflets, both due to 
intrinsic stiffening and to fixation to adjacent cusps, late degenerative changes 
are prone to develop. This may account, in part, for the very great incidence 
of calcification of the leaflets observed in aortic stenosis. However, it is prob¬ 
able that the relatively high pressures developed Anthin the left ventricle and 
aorta and their Adolent fluctuations Avith consequent resulting trauma to the 
valve also are responsible, at least in part, for the greater incidence of calcific 



A. 


Fig 7, A. —Photograph of autopsy specimen showing extreme thickening of left ventric¬ 
ular wall m aortic stenosis In pure forms of this lesion, there is no enlargement of the 
ventricular chamber. (Prom Bailey, Suigery of the Heart, courtesy Lea & Febigei ) 

changes observed in this valve than in others involved 113^ a similar stenotic 
process. Thus Ave may explain the relative rarity of calcific changes in stenotic 
right-sided heart A^ah^es (tricuspid and pulmonic) v.diich are subjected essentially 
to much loAver pressures. In mitral stenosis AA^here there is impaired ven¬ 
tricular filling Avith consequently less trauma to the A'^alA'^e structures, the inci¬ 
dence of calcific changes is of intermediate frequency (38 per cent). Charac¬ 
teristically, calcification of the aortic valve seems to involve the region of the 
obliterated commissures even more frequently and more extensively than the 
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(or brachial arterial) pressure curves. Apparently, they must be performed 
with tlie patient unanestlietized and with an intact chest wail since sueii de¬ 
ter minatioiis obtained directly during surgery usually present a sigirificairt 
“physiologic damping” (Fig. 11, A, B). Probably this phenomenon is related 
to a reduction in stroke (and minute) output. For the same reason it is 
important to measure the cardiac output Ijy simultaneously perlorming right 
and left heart catheterization. 



Fig 10.—A, Normal brachial arterial pressure tracing. B C, U. and 
Disease, Am. Heart J. 47*. 527, 1954.) 


Another feature characteristic of severe aortic stenosis is the deve op- 
ment of coronary insufficiency. While, undoubtedly, intrinsic coronary artena 
disease sometimes may coexist, in most cases the insufficiency is due entirely 
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to the altered kinetics of flow. Support for this opinion is obtained from the 
nsual finding of anatomically normal eoronaiy arteries at antopsy in individnahs 
who have suocuinbed from stenotic aortic disease and who have manifested 
a severe anginal syndrome. Also, it is strengthened by the nearly constantly 
observed relief of angina, when preoperatively marked, following successful 
aortic commissurotomy. 
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Fiff. 11. B. 

^ * --tic (A) and left venlncular (Bl”) pre^ssuie tracing obtained 

> of the heart (transthoracic approach). The range is 400 
radicnt of approximately 120 mm. Hg. B, Simultancou't 
om the aoita (A) and left ventricle {LV) in the same patient 
definitive maneuvers. Since the range Is 200 mm Hg. the 
Hg. Apparently significant alterations In physiology' tie* 
-y ^vhlch render Impossible accurate correlation with studies 

under other conditions 


It seems probable that the over-all lowering of the ])res.sHre at the root of 
the aorta is as.<iociated with a corresponding reduction in coronary flow. 
Green" feels that this reduction occurs largely during .systole ar ’ ’ 
by the relatively greatly increased peripheral e arterial 





Fig. 12, A. B, and G. (For Jeff end see opposite paije.') 







































































VolLme 3 I 
Number 4 


S0BGICAL TREATMENT OP AORTIC STENOSIS 


391 


“boot-like” configuration of the radiographic shadow udll be seen. Calcifica¬ 
tion of the aortic valve is best seen on fluoroscopic examination and was 
demonstrated in one-half of our cases. 

llULTIVAIiVULAB DISE VSE 

In patients exliibiting aortic stenosis, either “pure” or combined with a 
dynamically insignificant degree of aortic insufficiency, one not infrequently 
finds coexisting mitral valvular disease. Forty-four per cent of our patients of 
this group were found to have significant mitral stenosis, with or without vary¬ 
ing degrees of mitral insufficiency. Five and nine-tenths per cent manifested 
evidence of mitral insufficiency alone. The majority of this latter group pre¬ 
sumably weie suffering from dilatation ol the mitral annulus fibrosus with 
resulting functional insufficiency secondary to the left ventricular enlarge¬ 
ment caused by the aortic lesion. 

In these individuals with combined aortic and mitral valvular disease, one 
must always consider whether the tricuspid valve may not also be affected 
Triemspid valvular disease was found in 17 per cent of the patients with mitral 
and aortic rheumatic valvular disease. Predominant tricuspid stenosis was 
recognized bj' direct digital examination in 11 per cent of patients with both 
mitral and aortic valvular disease. It appears that acquired tricuspid stenosis 
practically never is found as an isolated lesion. It seems always to be accom¬ 
panied at least by a sintilar mitral valvular lesion. 

Apparently, rheumatic or other acquired stenosis of the pulmonaiy valve 
is extremely rare. Acquired pulmonary insufficiency (usually functional) 
apparently is a lesion of relatively minor clinical significance. 

The observed occurrence of significant disease of one or both atrioven¬ 
tricular valves in association with aortic valvular disease is of great im¬ 
portance since failure to relieve all physiologically important lesions may spell 
failure to obtain clinical improvement or even immediate disaster to the 
patient. It is a well-accepted hydrodynamic principle that one unrelieved 
point of serious obstruction in a fluid flow system will impede the passage of the 
current almost as much as two or more similar points of obstruction, since the 
limited volume passing through one such barrier can easily traverse the next 
one. 

On the other hand, relief of an early valvular obstruction without simul¬ 
taneous i-elief of one farther on in the circulation will have the effect of aggravat¬ 
ing the manifestations of this hater one. Thus, if mitral stenosis is relieved 
without concomitant commissurotomy for any significant associated aortic 


Fig. 
pressure 
stenosis 
Increased 
stenosis 
sulnp aor* 


’taneous aortic (upper) and ' 
surgery In a patient with cor 
obstruction, the gradient betw< 
pressure curve de\eIoP3 the 
anacrotic slurring are abollshec 
Bailey. Surgery of the Heart, 


B, Upper, Brachial arterial pressure cur\e obtained preoperatlvely 
stenosis who was considered clinically to ha%c only very mild aortic stenosi'* Lower, Brachial 
tracing taken after mitral commissurotomy showing the typical anacrotic notch of aortic 
stenosis Phjsiologlcaliy the aortic stenosis had become d>namically significant because an 
Increased amount of blood was now being expelled through an aortic aperture of unchanged 
size C, Abolition of systolic pressure gradient obtained between the left ventricle and the 
aorta in a patient with Isolated aortic stenosis Left. Precommissurotomy tracings Right 
Tracings obtained Immediately after aortic comm!'»surotomy 



Pig. 13, A and B. —A, Earliest attempt ^he patient did not survive. B, 

dlflcation of Brock’s method of pulmonary ]„„ by retrograde passage of an 

bsequent attempt at dilatation of the stenotic aortic \alve y rei ^ (From Larzelere 
trument with heavy umbrella-spring type blades. The patient surM% 

1 Bailey, J. Thoracic Surg. 2G: 6G, 1953.) 
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stenosis, the clinical impoitaiiec of the Httei becomes cnhaiictd This is clue 
to the impioieiiient in left leiitnculai filling ivhieh icqniies this ehanibei to 
eject a gieatei quantity of blood thioiigli the same stenotic aoitic oiifiee 
Ilence, lelatnclj speaking, the aoitic stenosis becomes aggimated phjsio 
logicallj Since isolated aoitie stenosis ehaiaetensticallj follows a iiioie 
malignant couise than does the combination of nitial and aoitic stenosis, it 
is eiident that such “eonseivatne” tieatnient must be a disseiiice to the 
patient (Fig 12, A, IS, and C) 

SURGICIL CONSIDEBITIONS 

Tiiffici”^ 111 Jiih, 1913, attempted digitallj to dilate a stenotic aoitic lahe 
111 a joung male adult bj imaginatiiig the dilated aiiteiioi aoitic nail at a 



Fig 13 C —Cuned instrument •with siinilnr dilator n eclianlsm ‘?ub'te(iutntl> use 1 b> trins 
>entrictilir approach 

point just aboie the lahe let el The patient sunned at least 10 icais and 
lias lepoited impioiecl Smithy"® attempted to lesect a poition of a stenotic 
aortic lahe iii the summer of 1948 He intended to use a modified sphenoid 
punch inseited thiough a traiisientiiculai appioach Unfoitunateh, the 
patient expiied suddenlj duiiiig the induction of anesthesia, appiientli due 
to the onset of acute lentiiculai fibrillation 

On March 9, 1950, the senioi authoi (C P B attempted to dnide a 
stenotic aortic sahe in a 26}eai old white housewife using a modification 
of Block’s" method of piilinonar-v lalinlotomj and a liansicntuailai ap 

V 
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proach, Althougli the valve was divided according to plan, death on the 
operating table resulted, due to the creation of a significant degree of insuf¬ 
ficiency. This unfortunate experience confirmed certain theoretically-based 
fears that the sudden production of aortic regurgitation would not be tolerated 
well in a patient who had become adjusted or “compensated’' to a severe 
degree of aortic stenosis. It was felt, thereafter, that neither cutting across 
nor excision of a portion of an aortic valve cusp could he justified clinically. 



Mg'. 14 .—Modern triradiate parallel bar type of aortic dilator. Note the incorporated 
guide wire and olivary tip. The entire head is designed for free rotation on its shafy ihis 
assures accurate automatic alignment of the triangular cross-sectional contour of the open 
or closed dilator with the outline of the diminutive valve orifice if any remnant of its initial 
triangularity persists. (From Bailey, Surgery of the Heart, courtesy Lea & Febiger.j 

Experimental efforts to “dilate” the stenotic aortic valve in the autopsy room 
revealed that the fused commissures tended to separate on application of dis¬ 
ruptive pressure more readily than did the continuity of the sclerosed leaflets. 
Hence, it became evident that surgical aortic commissurotomy was a logical 
possibility. At first, it was felt that this must always be an instrumental ac¬ 
complishment since it was not then foreseen that deliberate digital examination 
and manipulation of the valve during life would become feasible. 
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On April 6, 1950, one of ns (C. P. B) performed an instrumental dilatation 
of a stenotic aortic valve by passing an “umbrella-type” dilator through the 
valve orifice in retrograde fashion, guiding it through an incision made in the 
right common carotid artery and through the ascending aorta to the valve 
orifiee which was located by instrumental palpation. While this particular 
operation was considered successful (with survival), subsequently the proce¬ 
dure was abandoned in favor of a somewhat similar one performed by a Irans- 
vonti'icular route (Pig. 13, A, B, G). 

By April, 1952, in large part due to the combined efforts of our engineering 
associate, Major J. Shearman Donaldson,* and our chief surgical resident, Dr. 
Ileniy B. Tjarzelere,** a much superior instrument was developed for this pur¬ 
pose (Pig. 14). In it, the umbrella-spring type blades have been replaced by 
three parallel dilating bars with wcdgelike cross sections. A retractable guide 
wire with an olivary tip has been incorporated within the instrument to serve 
a function comparable to that of the filiform bougie used in the practice of 
urology. An incorporated rotatory mechanism permits free turning of the 
dilating head upon its shaft for automatic adjustment of its triangular cross 
section (open or closed) to the usual residual ti ianguinrity of the stenotic 



Pig: Stenotic aortic valve orifice re%eallns: only one imobllteratcd comml'^suro— 

•systolic position Same vaKe m diastole (closed) c After passaire of trlradlate aortic 
dilator, all tliree commissure's liave become separated, and some normal tjpe %al\c action Is 
provided Sjstole d. Closure of vaUe indicates that competence is fully maintained (From 
Mcllillan, T3rit Heart J. 17' 5G. 1955 ) 

valve orifice. Thus, the unsharp edges of the dilating bars tend to become 
aligned accurately against the respective angles of the valve orifice. Since 
these angles represent the central extremities of the fused commissures, 
mechanical separation of the bars applies parting or splitting pressure direotb’ 
and most effectively against the commissures, tims tending to separate and 
mobilize the three functional valve elements anatomically. It was realized that 
in many valves extreme and perhaps asymmetric sclerosis or calcification might 
prevent complete separation of all commissures, and that indeed it might be ac¬ 
complished only partially, perhaps in only one or two of the three. However, 
it was reasoned that any measure of anatomic separation accomplished would 
represent at least a partial restoration of a more normal \alvular state and 
would result in a degree of functional improvement. To obtain the desired 
effect, it was deemed essential that at least some valvular or aortic wall flexibility 
remain. Since the left ventricle would, in these %-ery oases, be maximally 
adjusted to compensate for any residual unrelieved aortic stenosis, enlarge¬ 
ment of the orifiee to more than one-quarter of its normal size would result 

•Major J Shearman Donaldson. Chatham. N J. 

••Dr, Henry B Larjselere, Toledo, Ohio 
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proach. Although, the valve was divided according to plan, death on the 
operating table resulted, due to the creation of a significant degree of insuf¬ 
ficiency. This unfortunate experience conhrnied certain theoretically-based 
fears that the sudden production of aortic regurgitation would not be tolerated 
well in a patient who had become adjusted or “compensated” to a severe 
degree of aortic stenosis. It was felt, thereafter, that neither cutting across 
nor excision of a portion of an aortic valve cusp could be justified clinically. 



Fig: 14 —Modern tnradiate parallel bar type of aortic dilator. Note the incorporated 
guide wire and olivary tip The entire head is designed for free rotation on its shaft This 
assures accurate automatic alignment of the triangular cross-sectional contoui of the open 
or closed dilatoi with the outline of the diminutive valve orifice if any remnant of its initial 
triangularity peisists (From Bailey, Surgery of the Heart, courtesy Lea Feblger ) 

Experimental efforts to “dilate” the stenotic aortic valve in the autopsy room 
revealed that the fused commissures tended to separate on application of dis- 
j’uptive pressure more readily than did the continuity of the sclerosed leaflets, 
lienee, it became evident that surgical aortic commissurotomy was a logical 
possibility. At first, it was felt that this must always be an instrumental ac¬ 
complishment since it was not then foreseen that deliberate digital examination 
and manipulation of the valve during life would become feasible. 
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On April G, 1950, one of ns (C P B) pcrfoimed an instrumental dilatation 
of a stenotic aoitic \alve by passing an “umbiella tjpe” dilatoi through the 
lahe oiifice in letrogiade fashion guiding it thiough an incision made in the 
light common eaiotid aiteiy and tluough the ascending aorta to the lahe 
oiifice iihich was located by instrumental palpation "While this particiilai 
operation was consideied successful (■nith suiMial), subsequently the pioce 
dine lias abandoned in fai oi of a somewhat similai one performed by a trans 
lentiiciilai loute (Fig 13, A, B,C) 

By Apiil, 1952, in laige pait due to tlie combined cffoits of oiii cngineeiing 
associate, Major J Shearman Donaldson,* and oiii chief surgical lesident, Di 
Ilenii B Laircleie,®* a much siipeiioi instiiimeiit was dcieloped foi this pin 
pose (Fig 14) In it, the iiinbiella spimg tj-pe blades have been leplaced bj 
thiee paiallel dilating bars with wedgelikc cioss sections A letraetable guide 
wire with an olivaij tip has been incorpoiatcd within the instiument to sene 
a function comparable to that of the fihfoiin bougie used in the piactiee of 
urologj' An incoipoiated rotatoij mechanism peimits fiee turning of the 
dilating head upon its shaft for automatic adjustment of its triaugulai cross 
section (open or closed) to the usual icsidual tnangnlaiity of the stenotic 



Fig- 15 —a Stenotic aortic ^alve orifice revealinff only one iinobliterated commissure— 
systolic position h Same \aUc in diastole (closed) c After passape of tnradiate aortic 
dilator all three commissures ba%e become separated and some normal type \al\e action is 
provided Sjstole d Closure of AaUe indicates that competence is fully maintained (Prom 
RIcAIillan Brit Heart J 17 5G 1955 ) 

lalve oiifice Thus, the unshaip edges of the dilating bars tend to become 
aligned aecuiately against the icspeetiie angles of the lalve orifice Since 
these angles represent the central e^ticmities of the fused oommissnies, 
mechanical separation of the hais applies paiting oi splitting picssnie diieetlj 
and most effeetneU against the commissures thus tending to scpaiatc and 
mobilize the three functional aahe elements anatomicalh It was lealized that 
in many aalies eatreme and peihaps asjTnmetric seleiosis oi calcification might 
pieient complete separation of all commissures, and that indeed it might be ac 
complishcd only pai tially, perhaps in only one or tw o of the fhi ee How ei cr 
it was leasoned that any measine of anatomic separation aicomphshed would 
lepresent at least a partial restoiafion of a more normal i.ihnlai state am! 
would lesult in a degree of functional improiemtiif To obtain the desired 
effect, it was deemed essential that at least some Taliuiiror aoi tie wait flcMbihtv 
remam Since the left aentricle would, in (hose voiv c.tscs he iiiaMimllv 
adjusted to compensate foi any lesidnal iiinelicvcd aortic stenosis enlarge¬ 
ment of the orifice to more than one quarter of its norma! sire w oiild ' 

•Major J shearman Donaldson ChaUiini S J 
• *Dr Henry E Laraelere Toledo Ohio 
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essentially in full clinical relief. This concept depended for its validity upon 
the maintenance of a state of vahnilar competence at least the equal of that 
existing preoperatively (Pig. 15, A, B, G, D). 

In large measure, these concepts and hopes have been justified by our sub¬ 
sequent clinical experiences. On April 4, 1952, the improved instrument was 
used with great initial success (by the transventricular route) in a male patient 
who was nearly moribund. He attained an excellent state of improved health 
and maintained it for two j^ears subsequently. Ultimate recurrence of symptoms 
with an unusuallj’' rapid downhill course precluded a second surgical attempt. 
Since then, 211 patients with prominent evidence of aortic stenosis have been 
operated upon by this instrumental technique, most of them obtaining excellent 
clinical and physiologic improvement. When mitral stenosis has coexisted,' as 
it did in over 40 per cent, mitral commissurotomy was carried out simul¬ 
taneously by way of the usual left appendageal approach. However, the 
operative mortality (Table I) associated with this technique has remained 
relatively high.^^’ Daniel and Seott,^" Muller and Hyman,®^ and Me- 

iMillan^" have reported similar experiences. Li order to eliminate nonrelevant 
considerations such as those related to the presence of a major element of 
aortic or mitral insufficiency, or of coexisting tricuspid disease, we have tabu¬ 
lated the operative results only in those patients considered to have pre¬ 
ponderant aortic stenosis and those with combined preponderant aortic and 
mitral stenosis (Tables I and II). 


Tabu: I. Traxsvextriculak Approach for Aortic Commissurotomy Showing Early 

Operative Results 


TYPE OF LESIOIs 

NUMBER OF CASES 

NUMBER OF OPERATIW: 
DEATHS 

OPERATIVE 

MORTALITY 

(%) 

Aortic stenosis 

37 

9 

24.2 

Aortic stenosis with in- 
sig'nificant aortic in¬ 
sufficiency 

31 

70 

32 

Total 

G8 

19 

28 


Table II. Oper.\tive Results in Combined Simultaneous Aortic and Mitral Commissur¬ 
otomy IN Patients With Aortic and Mitral Val\tjl<\.p. Disease 
(Transventricular and Left Auricular Approaches) 


TYPE OF LESION 

NUMBER OF 

CASES 

NUilBER OF 
OPERATn'E DEATHS 

MORTALITY 

(%) 

Aortic stenosis plus mitral stenosis 

22 

1 

4.5 

Aortic stenosis plus mitral stenosis 
with mitral insuffieienev 

10 

2 

20.0 

Aortic stenosis with aortic in¬ 
sufficiency, plus mitral stenosis 

24 

4 

16.7 

Aortic stenosis with aortic in¬ 
sufficiency, mitral stenosis with 
mitral insufficiency 

31 

9 

29.0 

Total 

87 

16 

18.4 


Consideration of the i-arious ways by which this risk might be reduced iias 
led to some interesting speculations. Breaking down the over-all series of cases 
into pertinent smaller groups (Tables I and II) revealed that patients with com- 
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bined aortic and mitral stenotic lesions simultaneously corrected appaiently 
ran less risk than those with essentially “pure” isolated aortic stenosis in 
whom the aortic valve alone was operated upon. Apparently, there is a 
dynamic dilferenee in the way isolated aortic stenosis and combined aortic 
and mitral stenosis affect the heart and circulation. 

A. B. 



c D 


Fig" 16—Diagrammatic representation of rospecthe t\i)es of cimmber jn\ol\ement uitii 
\anous types of valvular stenosis A, Normal heart B, Heart In I'solated mitral stenosis 
Note the dilated right ventricle and left atrium and the small left ventricle—this latter chamber 
IS protected by the inlet stenosis against overwork or strain C, Heart in Isolated aortic 
stenosis Note the tremendous concentric type of hypertrophy of the left ventricle without 
dilatation of the chamber resulting from the overwork consequent to the severe outlet stenosis 
in the presence of normal filling (no inlet stenosis) The left atrium and right ventricle re¬ 
main normal until left ventricular failure Is imminent D, Heart in combined mitral and aortic 
stenosis Note similarity to condition found In isolated mitral stenosis The right ventricle 
and left atrium become dilated and overworked but the left ventricle remains small and 
relatively healthy It is protected against the effects of outlet obstruction by the severe 
inlet, stenosis The small amoui.t of blood entering the left ventricle is readily expelled through 
the reduced aortic outlet. 


Pig. IG indicates the diffeient types of chamber involvement seen in these 
various states of aortic or mitral stenotic valvular disease. It is evident that 
in isolated aortic stenosis the left ventricle bears tlie full brunt of the disease, 
becoming overworked and bypertropliicd due to its oiitlet obstruction. As has 
been mentioned previously, it lias been observed tliat the left ventricular wall 
in this condition tends to become soft and degenerated, and hence to hold 
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sutures with difficulty. This tendency for sutures to cut through the soft myo¬ 
cardium was responsible for at least two deaths from hemorrhage, as indicated 
in Table III. 


Table III. Causes op Death in Patients Opekated Upon For Aortic Stenosis by Trans- 

VENTRICULAR TECHNIQUE 


CAUSE OF DEATH 

NUMBER OP DEATHS 


Failure, unclassified 

1 


Cardiac arrest 

5 


Ventricular fibrillation 

5 


Hemorrhage, uncontrolled 

2 


Cerebral embolism 

3 


Hypotension (after leaving operating 

room) 1 


Hypotension (in operating room) 
Cardiac arrest i 

1 


Ventricular fibrillation I 

Laceration of eoronar 3 - arterj<- J 

1 


Total 

19 



Furthermore, the hypertrophied left ventricle in these patients very often 
exhibits hyperirritability tending on relatively slight stimulation to develop 
runs of ventricular extrasystoles or even ventricular fibrillation. A number 
of deaths which occurred in the operating room were due to the lattei- 
arrhythmia (Table HI). Cardiac asystole, perhaps related to the myocardial 
degeneration, also was a prominent cause of death in this sex’ies. 

In contrast, the left ventricle in patients with combined aortic and mitral 
stenosis (see Fig. 16,1?) characteristically is small and of firm structure readily 
capable of holding hemostatic sutures securely. It exhibits little or no evidence 
of unusual irritability to mechanical stimulus. In general, at operation the heart 
in combined aortic and mitral stenosis assumes the configuration of that seen 
in pure mitral stenosis, presenting a large right ventricle, pulmonary artery, 
and left atrium, with a normal-sized or small left ventricle. Of course, it is 
understood that varying intermediate proportions of these effects may be 
observed with various degrees and combinations of these lesions. 

Post-mortem examination in several of the operated patients showed that 
a degree of aortic insufficiency inadvertently had been produced during the 
surgical procedure. In at least two instances, a valve orifice which had de¬ 
veloped a bicuspid configuration had resisted tricommissural separation wit i 
resulting laceration of the anatomic continuity of a sclerotic cusp. In an¬ 
other, an indescribably distorted calcareous valve had become irregularly 
fractured, probably resulting in insufficiency. Likoff and associates- have 
reported a 13 per cent incidence of clinically increased aortic insufficiency in 
patients surviving instrumental transventricular aortic commissurotomy. \ ary- 
ing degrees of regurgitation were created in 5 per cent of the cases witliou 

detectable insufficiency prior to surgery. 

Because of these anatomic variations, it seems probable that there wi 
always remain a certain irreducible incidence of created aortic regurgitation 
in purely instrumental attempts at tricommissural separation of the stenotic 
aortic valve. How much influence such inadvertent creation of insufficiency 
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had upon those deaths listed nndei' the terms “cardiac arrest,” “hj-potension,” 
“renal failure,” “heart failure,” and “ventricular fihrillation” cannot be esti¬ 
mated vith accuracy. However, deaths from such causes have become signif¬ 
icantly rare since the development and adoption of the now preferred transaortic 
digitally guided techniciue of performing aortic commissurotomy. 

After due consideration and reflection, it was concluded that, at least in 
cases of isolated aortic stenosis, the development of some approach to the 
stenotic aortic valve other than the transventricular one was mandatory. It 
was deemed of paramount importance that direct digital examination and guid¬ 
ance of instrumentation he incorporated into the procedure if at all possible. 
JIclMillan'' recently has voiced a similar hope. Since both Brock’- and the 
senior author (C. P. B.)““ already had had previous bitter experiences in at¬ 
tempting to approach the aortic valve by way of the left atrium and the mitral 
orifice, our attention was directed toward the ascending aorta as a possible 
avenue of approach. 

Experiences with direct incision of the aortic wall in the experimental 
laboratory regardlc.ss of the use of various hemostatic devices convinced us 
that a better means of entrance into its lumen must he devised. Vascular 
homograft segments sutured to the aortic wall proved unsatisfactory largely 
because of the fragilit.v of tlieir structure. However, the use of pericaidium 
to form a pouch or “appendage” upon the aoi-ta proved reasonably satis¬ 
factory, and gradually a suitable technique for its application was developed. 
For the first time, it became possible methodically to palpate the aortic valve 
and to manipulate it under the guidance of “digital vision” without any 
greater difficulty or disturbance to the cardiac action than is experienced in 
comparable exploration and manipulation of the mitral valve. 

On April 4, 1953, the first successful digitally guided aortic commis¬ 
surotomy by the supravalvular route was performed by one of us (C. P. B.), 
using a pouch prepared from the patient’s own pericardium. On that occa¬ 
sion, valvular dilatation was accomplished by inserting the three-bladed aortic 
dilator through a second opening made in the pouch and guiding it through 
the valve with the intravascular finger.’’ Since that time 61 patients have been 
operated upon by this method. In 40 per cent of the eases, a satisfactory com¬ 
missurotomy has been accomplished by digital pressure only. In the remainder, 
instrumental assistance has been required. 

A two-bladed dilating instrument has been designed* to be worn on the 
finger and inserted with it through the pouch and into the aorta (Fig. 17). Its 
two nonsharp wedgelike blades separate at a 110-degree angle to part simul¬ 
taneously those two commissures which, at that time, the intra-aortic finger 
is able to feel. By the sense of touch, the finger readily can follow the splitting 
effect upon the valve, and so is able to limit or control it. 

AVe have tried latex, fabric, and plastic pouches, as first suggested by 
Glenn” and later by Swann,” but still prefer pericardium for this purpose. 
Pericardial homografts may be prepared and preserved by the method of 


•Obtainable through George P. Pilling & Son Company, Philadelphia, 
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Meeker and Gross.^® Their nse obviates the necessity for removing most of the 
patient’s own natural pericardial support, and also for transecting the sternum 
and opening both pleural cavities. 

As an alternative method, plastic fabric may be used to fashion an aortic 
pouch. Of the various materials of this type we liave tried, Vinyon fabric*' 
has proved most satisfactory, mainly because of its elasticity and lack of tend¬ 
ency to fraying. However, a square of nylon cloth may be used provided the 
cut edges (peripheral as well as about the central incision) are flashed 
momentarily through the flame of a lighted match. The heat melts the plastic 
slightly and seals the cut edges. With botli fabrics we have found a teeJmique 
similar to that employed -with the pericardial homografts reasonably satis¬ 
factory. 



Fig'. 17.—Two-bladed aortic dilator designed to be "worn on the operator’s finger and in¬ 
serted with it through an artificially created aortic pouch sutured to tlie artery to permit an ap¬ 
proach to the valve in retrograde fashion. (From Bailey, Surgery of the Heart, courtesy Bea « 
Febiger.) 

At the suggestion of one of the authoi’S (H. E. B.), this operation has been 
modified so that it can be carried out satisfactorily through a right anterior 
intercostal incision only (third interspace). With one intact pleural space 
(left) and an undivided sternum, an effective cough mechanism is maintained, 
and thus the postoperative problems of evacuating the bronchial secretions aie 
minimized. 


•Obtainable from American Viscose Corp., Marcus Hook, Pa. 
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j\rGGkGi S/iid. Gri OSS. Thcir hsg okvi^itGs tliG UGCGSsity for rGmoving most of the 
patient’s own natni’al pericardial support, and also for transecting tlie sternum 
and opening both pleural cavities. 

As an alternative method, plastic fabric may be used to fashion an aortic 
pouch. Of the various materials of this type we have "tried, Vinyon fabric* 
has proved most satisfactory, mainly because of its elasticity^and lack of tend¬ 
ency to fraying. However, a square of nylon cloth may be us^id provided the 
cut edges (peripheral as well as about the central incision) are flashed 
momentarily through the flame of a lighted match. The heat melts the plastic 
slightly and seals the cut edges. With both fabrics we have fomid a technique 
similar to that employed with the pericardial homografts reasonably satis¬ 
factory. 



Pig. 17 .—Two-bladed aortic dilator designed to be worn on the operator’s finger and in¬ 
serted with it through an artificially created aortic pouch sutured to the artery to permit an ap 
proach to the valve in retrograde fashion. (From Bailey, Surgery of the Heart, courtesy 
Febiger.) 


At the suggestion of one of the authors (H. E. B.), this operation has been 
modified so that it can be carried out satisfactorily through a right anterior 
intercostal incision only (third interspace). With one intact pleural space 
(left) and an undivided sternum, an effective cough mechanism is maintained, 
and thus the postoperative problems of evacuating the bronchial secretions aie 
minimized. 


•Obtainable from American Viscose Corp., Marcus Hook, Pa. 
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At first, it was not deemed feasible to operate siinultaueoiisly for a co¬ 
existent mitral stenosis either from the right side or by way of a left anterioi 
intercostal approach, with the patient placed in the supine position preferred 
for transaortie commissurotomy. Therefore, in view of the ob.served lower 
operative risk with coexistent aortic and mitral .stenosis (Table II), it was 
advised formerly that the trunsventriciilar route to the aortic valve be cliosen 
in patients with combined miti'al and aortic stenosis.^^* Since the lateral 
posture usually was employed for the aortic dilatation, the mitral valve was 
readily approached by rvay of the left auricular appendage either just before 
or just following the definitive aortic surgerj'. 

However, certain unsatisfactory operative results obtained in such com¬ 
bined eases, and the development of a satisfactory approach to tlie left atrium 
and mitral valve by way of tlie dissected interatrial groove’^’ hiive caused the 
authors to alter this e.xprc.ssed opinion. 

Indeed, the e.xperience and satisfaction obtained in operating from the 
right side for mitral steno-sis combined with aortic stenosis have since led us 
to choose this appz'oaeli eleetively in many patients witli isolated mitral stenosis. 
Actually, in 50 of the last 02 patients operated upon, with a preoperative diag¬ 
nosis of mitral stenosis alone, at our Clinic liavu been operated upon from 
the right side. The cliief apparent advantages of the right-sided approach to 
tlie stenotic mitral valve may bo summarized tiius; 

1. It is fcasilde routinely to explore the tricnsizid valve by way of the 
right auricular appendage and to perform, if necessary, tricuspid com¬ 
missurotomy for stenosis, or surgical plication'* of the mural portion of the 
tricuspid annulus fibrosns for iueompetence. 

2. It is feasible routinely to palpate the external surface of the root of the 
aorta and the left ventricular outflow tract (ami the septal leaflet of the mitral 
valve) in order to recognize the prcscncc of aortic valvular disease, and di¬ 
rectly to attack this lesion immediately, if deemed advisable. In certain of 
the patients, the aortic cusps may be examined digitally by passing the intra- 
eardiac finger through the mitral valve orifice and up to the aorta. 

3. Ability routinely to explore the interatrial septum from the right (by 
way of the right auricular appendage) and to carry out efficiently and im¬ 
mediately an atrio-septo-pe.sy procedure if an interatrial septal defect is 
found. Previously unsuspected interatrial septal defects were found iu 2 of 
the patients so explored during the cour.se of a mitral oommi.ssurotomy from 
the right side and were promptly corrected. 

4. Ability to approach the mitral valve without disturbing either fresh 
or old clotted material which is found in approximately 25 per cent”’ ** of all 
patients operated upon for mitral stenosis. Since fragmentation of such clots 
is the chief source of operatively produced arterial embolization, a serious com¬ 
plication which has occurred in G.l per cent” of onr entire series of mitral com¬ 
missurotomy operations performed from the left-sided approach (1,500), it 
would seem that avoidance of this complication should be an operative objective 
of primary concern to the surgeon. Such clots extend well into the true atrial 
chamber iu 13.6 per cent of those affected,’* sometimes coming to ocenpy “’S to 
30 per cent of its entire luminal capacity. Apparently (unlike fibromj’xomatous 
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interatrial tumors) they never are found attached directly to the interatrial 
septum. Hence, a right-sided entrance into the left atrium by way of the 
interatrial groove would seem “always” to avoid disturbing such a thrombus. 

5. Technically, a superior type of mitral commissurotomy may be accom¬ 
plished from the right side. In large part, this is related to the relative ease 
and safety experienced in separating the posteromedial mitral commissure, a 
maneuver often fraught with difficulty and danger and hence usually deleted 
whenever possible by most operators, when mitral commissurotomy is carried 
out through the usual left-sided approach. 

6 . The presence of a nearly virgin operative field in a patient who previously 
has been subjected to commissurotomy from the left side. This problem tvill be 
encountered more frequently in the future as mitral commissurotomy is under¬ 
taken more often at an increasing number of clinics. Since, in most instances, 
the left auricular appendage will have been obliterated surgically, this advan¬ 
tageous “tttnnel’' of entrance^® from the left usually will have been destroyed. 

7. Extensive calcification of an old laminated thrombus lining the left 
lateral aspect of the left atrium (a relatively rare complication) in the presence 
of small pulmonary veins may require the use of the right-sided operative 
approach. 

8 . The supine operative position employed for the right-sided approach 
physiologically is easy on patients with boi'derline circulatoi’y stability. Many 
of these patients cannot tolerate the lateral position which is preferred for the 
performance of mitral commissurotomy from the left side. They may develop 
severe hypotension as soon as they are turned into the lateral operative position. 

9. In patients operated upon by the right-sided approach, obviously there is 
no danger of laceration of the left auricular appendage. This is of significance 
only in that the respective appendages are the thinnest, the most fragile, and, 
hence, the most easily lacerated portions of the entire cardiae wall. 

10. The atrial attachment of a transvalvular pericardiocartilaginous 
“stent” used for the correction of mitral regurgitation of the posterior “tear¬ 
drop” variety is best placed in the region of the z'ight interatrial groove in 
order to ensure the persistent accurate application of the wider extremity of 
the cross-sectional contour of the stent into the rounded incompetent posterior 
“commissure.” 

11. In the presence of a persistent and recuz-rent right-sided pleizral 
effusion (from heart failure), the ilght-sided approach permits oize to avoid 
surgically collapsing the fzzzietional left luzig, azzd at the sazne tizne to correct 
the pleuropulmonary condition by lung decortication. 

12. Postoperatively, there is less incisional pain and delay in re-establish¬ 
ing arm function with the right-sided anterior thoracic wound. 

13. A more esthetic operative scar and a less cz’ippling operative incision 
result from the right-sided approach. Since the right aziterior incision is 
placed in the inframammaz’y groove izi the female, it readily znay be hidden 
by the usual Imassiere type of breast support (see Pig. 26, B). The patient, 
often a young woman, then may wear a low-backed or low-necked goum without 
psychologic stress. In the male, the crippling effect of splitting and surgzcal 
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divisiou of a relatively few fibers of the right pectoral muscles is iiisigniflcaut 
in comparLsou with tlie great muscle damage produced by interruption of the 
continuity of major portions of the rhomboidcus, latissimus dorsi, serratus, and 
(sometimes) erector spiuae muselc groups (sec Fig. 2G, C). 

On the other hand, the disadvantages associated with the right-sided ap¬ 
proach to tlio mitral valve seem to be: 

1. Somewhat less than the usual facility will be experienced in separating 
the fused anterior mitral valve commissure from the rigid. This is related 
largely to an inability to apply appropriate external counter pre.ssure over the 
commissure. lienee, an instrumental division of this commissure i.s required 
more frequently than when the left-sided route is used. 

2. One experiences considerable difficulty in dissecting up the innominate 
and left common carotid arterie.s from the riglit-sided incision in an effort to 
dimuiish the incidence of cerebral embolization during the course of surgery. 
As mentioned, this disadvantage largely is nullified in our opinion by reason 
of the avoidance of direct manipulation of a possible thrombotic appendage 
when the valve is approaclicd from the right. 

3. One cannot plicate the mural portion of the fibrous ring of the mitral 
valve in order to correct mitral regurgitation of the annular type from the right 
.side. 

•i. Obviously, tlie left auricular appendage cannot be ligated through a 
riglit-sided approaclt. Hence, one is unable to ensure that arterial embolization 
at a later date may not derive fi'oni thrombosis of the unobliteratod left auricular 
appendage. We feel that adequate enlargement of the mitral orifice offers a rea- 
sotiably reliable guarantee against further atrial thrombosis, and, hence, against 
arterial embolism as indicated by the study of Storer and associates.*” 

5. Inability to massage tlie ventricles properly through the right-sided 
incision in case of cardiac arrest. Such an accident would demand prompt 
opening of the left hemithorax and usually transection of the sternum. 

G. There is always a possibility of losing lieinostatie control of the atrial 
incision due to the unexpected detachment, breaking, or inadvertent cutting of 
the constricting purse-string suture placed about the dissected portion of the 
interatrial groove. .Simple approximation of the two lips of the dissected 
interatrial groove with rat-toothed thumb forceps or Allis clamps will stop 
this type of bleeding. 

7. A freely floating or “ball-type” of intra-atrial thrombus is more dif¬ 
ficult to remove from tlio left atrium by the right-sided approach. 

8. A surgeon with a short index finger may experience difficulty in 
separating the anterior mitral commissure in a patient with a very large left 
or dilated atrium. 


AVhen all is considered, we have come to the conclusion that since rheu¬ 
matic valvulitis tends to present multiple sites rather than a single site of 
valvular involvement and since clinical and physiologic investigations in their 
present state of development are rather crude and often unreliable, it is better 
to explore digitally (only by external palpation of the aortic valve however) 
and to treat definitively and immediately, if necessary, all three valves which 
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may be subject to sueli involvement in nearly every ease operated upon for 
any one sucb lesion. It is obvious in order to im]Dlement this concept that tbe 
rigbt-sided approach should be chosen. 

Today, stenotic lesions of both tlie aortic and mitral valves readily are 
correetible through an incision made in the right third intercostal space. Fur¬ 
thermore, the possible presence of tricuspid stenosis which unfortunately 
appears often to be undiagnosable by the usual methods of preoperative investi¬ 
gation, readily may be determined with certainty by direct digital palpation 
using the same thoracic incision. 

We now feel that every ease of acquired aortic stenosis, with or without 
e'sddent mitral involvement, of a severity sufficient to justify surgery should 
be operated uiDOii by way of an anterior right third intercostal mcision using 
a transaortie approach to the valve. Since the right auricular appendage lies 
over the first portion of the aorta, it may tend to ^‘get in the way” of the 
operator. Therefore, we prefer to explore the tricuspid valve digitally by way 
of the right auricular appendage before directing our efforts toward the aortic 
lesion. If tricuspid stenosis is found to coexist, it may be relieved either by 
digital pressure or by digitall 3 ’' guided instrumental means. Then, the ap¬ 
pendage is amputated partially. It is ligated at its base, and is oversewn. 

After the aortic commissurotomy has been completed, thought is given 
to the advisabilitj’’ of exploration of the mitral valve. If the clinical features 
of the case suggest combmed valvular involvement (especially the presence of 
atrial fibrillation), or if the tricuspid valve has been found to be stenotic (ap¬ 
parently this is never found in the absence of coexistent mitral stenosis), the 
mitral valve should be explored digitally by way of the dissected interatrial 
groove. Indeed, if the patient’s condition is not precarious after the com¬ 
pletion of the aortic surgery, it is the authors’ custom routinely to explore the 
mitral valve in order at least to rule out a possilile unsuspected obstruction. 
If stenosis is found, an appropriate digital or instrumental mitral commis¬ 
surotomy is carried out from the right side. 

Coexisting mitral insuffieiencj", in a patient with aortic stenosis, is 118113113' 
of a functional nature and relativelj’’ seldom requires definitive treatment. When 
it does, the procedure of apphdng a transvalvnlar pericardiocartilaginous stent 
as described elsewhere®® may be undertaken. 

Selection of Patients .—^In general, it is felt, as in selecting patients for 
mitral commissurotomy, that all patients with aortic stenosis who might be 
considered as belonging in functional Class II or III (New York Heart 
Classification) may and should undergo aortic commissurotomy using the 
supravaHnilar approach. It has been our policy to operate upon Class W 
patients whenever their condition can be brought to such a point that it is 
felt they logically might be expected to survive surgeiy. Whether this atti¬ 
tude •will prove to be unduly optimistic, only time will tell. 

In the past, we have leaned heavily upon the brachial arterial pressure 
curve in patients who presented somewhat questionable indications foi 
surgery. While we fully realize the shortcomings of this method of evaluation, 
it does offer an additional and an essentially safe method of evaluating the 
functional importance of the aortic narrowing. 
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SUEGICIL lEEirUBOT OP lOJU’iC bl’KNOSIS 

The ideal method of meiibuiatiiig the degicc ol o\istmg aoitic bteiiosis, of 
couise, lb left heait uitliettiuatioii, .uul this study is iiou applitd loutiiiely 
111 all ot oiu iiatieiits who aie buspectcd of haiing aoitic bttnoms Ihis maj 
be eaiiied out eithoi by pimctuuiig Ihelcit atiiiim by the use of a long needle 
inserted tluough a hioiichobcope’” oi by lusciting one tluough the iiitaot 
thoracic wall (the light eighth iiiteitostal space) “ “ We base ahiajs used 
the lattei method A polythene cathctci is passed tluough the needle to 
entei the left atrium Then, an attempt is made to cause it to tiaveisc the 
mitial lahe to eiitei the left leiitiicle In some cases (Jo of oO, oi JO pel 
cent), it may e\eu be passed upuaid and into the aoit<i If this lattei 
maneuvei proses to be impossible, a simiiltaiieouslj obtained biachial aiteiial 
tiaciiig svill affoid a leasonablj coiiipaiable piessuie cui\e loi the dcteiniina 
tion ot any giadient which may e\ist betuceii the vcntiiele and the aoita (see 
Fig 27, A and B) AVheiievei possible, left hcait iatlieteii7ation should be 
peifoiined simultaneously uitli a light heail catheteiiaitioii Thus a complete 
physiologic studj and the lelation ot the giadicnts to the caidiac output mat he 
established 

At the same time, if any esists, a lett aliioventiimlai giadieiit indicatne 
of initial stenosis may be detected We do not adiise aoitie eoiiiiuissuiotoiny 
unless a tiaiisaoitic giadiont ot 40 mm Jig oi gicatei can be established 
Uiifoituiiately, this desiiable scientific study is not feasible in <ill pa 
Uents We have only been able pieopeiatneiy to pass tlie eathetei fioni the 
left atrium tluough the initial sahe and into the left \entiiele in bS pei cent 
of oni studied patients Fiii thcuiioie, because of the iiiheiciit iishs asso¬ 
ciated with the method (possibility of lutiapciicaidial lieinouhnge, aiihyth- 
ima, pneumothoias, infection), it piobably will iieioi he applied geneially in 
manj clmics in the c\ aluatiou of these patients 

In eliildieii with congenital stenosis of the aoitic lahe, suigeiy is ad 
vised because of the high moitality .issociated with conseivatne management 
(Dowiling*’) Heie the apinoach chosen usually will he the tianssentiiculai 
one because the small aoitic lumen may not admit the fiiigei 

Contraindications ■—It is felt that most of the peitiuent coiitiaindications 
to suigeiy foi aoitie stenosis aie the iiatuial common sense ones Ceitainly, 
no patient should be subjected to aoitic suigeiy if he is lu a teimmal oi 
unprepaied state Neithei should he he opeiated upon when m a phase of 
acute rheumatic actnity oi duiiiig the couise of active subacute baeteiial 
endocarditis 

Coesisting significant legiiigitant lesions of the initial oi aoitic vahes 
aie severe deteiients to aortic commissuiotomy ITowevei, we fiequently 
accept such patients on a calculated iish basis if we feel that at the same time 
we will be able definitively to alleviate the leguigitation, oi if we feel that the 
patient will leceive some net gam fiom collection of the steuotie lesion alone 
The finding of a very laige hcait is suggestive of complete myoeardial 
exhaustion, and implies an inability of the myocaidium to lespond favoiahly 
eien aftei proper lelief of the ohstmetion Nevertheless, some clinically 
dramatic lesults have been obtained in occasional selected patients with veiv 
large hearts ■’ 




E. 

Fig. 18, A-E. (.For legend see opposite page.) 
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to fultliei acUance ol the instiument should be cneouiiteitd at the valve level, 
the opeiatoi need not hebitate to ioiee its entij since the instiument must fol¬ 
low the iiatuinl passage along the guide wiie Ifoweiei, it is well fiist to diaw 
the guide wiie back until the oluaiy tip is palpable onlj 2 oi 4 ein aboie the 
salve Otheiwise theie is no eeitainty that the incieased resistance may not 
be the lesult ol inipiiigeiiient of the oluaii tip within a caiotid oi subclavian 
aitciial oiifiee The lock on the handle Aihicli picsents the blades fioiii open¬ 
ing IS icleasod Since the head piesiously will base been adjusted loi fiee lota- 
tion upon the tcntial shaft, its tiiangulai cioss section piesiimabli mil have be 
come aligned automatically mth the lesidiial liiangul iiitj ot the reduced 
aortic oiifice lienee foiccfiil eomjii essioii ol the handle gups should apply 
maximal paiting oi sepaiating loice against the cential cxtiemity of each 
line of comnnssuial tusioii The degiic ot possible expansion of the blades 
already will have been limited by a setsciew on the handle to the desiied 
range (Fig 18, .1, B, V, D) 

Because of the possibility of “missing” the lahe by nisei ting the dilatoi 
head too fai, oi not fai enough, it is out pi act ice to exp.iml the blades at three 
different lei els The hist is the lei cl that the opuatoi feels is light, the next 
is placed 2 cm faithci onnaid (towaid the aoita) Tlie last is made at a 
point thought to bo 2 cm too lai back towaid the lentiicle 

The mstiument is closed and is diawii smoothlj out ot the leiitiicle and 
the opeiatoi’s left index fingei is applied ligh*^ly oier the icntiiculai jiiuie 
tuie At least one matticss sutuie and thiee mtciiupted sutiiies aie placed 
deeply to appioxiniate the full thiekuess of the edges of the \ eiitiiculai wound 
The needles aic passed undci the hiigei and the sutuics aie tied iiidiiidually 
(Pig 18, C) 

After hemostasis liis been sccuied iiid iigoious hcait action has been 
established, piepaiations aie made to close the chest The cut pciicaidial 
edges may be closed partially, but a sulficieiit opening must be left to peiinit 
peiicaidial diainage into the left jilcuial space The pleuia is diained by a 
No 2G F eathetei with extra holes cut into it It is nisei ted thiough a stab 
wound made m the left seventh oi eighth iiitci costal space at the posteiioi 
axillary line This is coiinceted to a simple watei seal dianiage system 

The chest wall is closed iisuig appioximatiiig pericostal sutuies of heavy 
chiomicizcd catgut The muscles and fasciae may be closed with inteiiupted 
cotton 01 continuous chiomie catgut We pietei to close the skin with suh 
cuticulai stainless steel wiie 


Fig: 18—Technique of performance of aortic commissurotomy by the transventrirninp 
route A Tiny stab wound made in a. selected relatively avascular area (near thf* ipft 
ventricular apex cribe 
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Transaortic (Supravalvular) Digitally Controlled Aortic Commissurot¬ 
omy .— 

Incision: The patient is kept in the supine position after the induction of 
anesthesia and intubation. The right arm is brought to a 90-degree angle 
with the trunk at the shoulder. Although both sides of the anterior thorax 
and both axillae are prepared and draped, the incision is limited to the right 
hemithorax. In the female, the usual curved inframammary incision is 
selected and it is extended posteriorly up to the apex of the axilla. In the 
male, a more transversely directed incision, passing just below the nipple, is 
acceptable. In either sex, the anteidor extremity should not lie farther 
cephalad than the level of the manubriosternal junction, and here should point 
nearly in a transverse direction. Then if sternal transection and a left-sided 
prolongation of the incision should be deemed advisable (perhaps to treat an 
element of coexisting or created aortic insufficiency), an esthetically curved 
extension of the wound will be possible. 

The fibers of the pectoral muscles for the most part are split approxi¬ 
mately in the line of skin incision being divided anteriorly for a limited extent. 
Bleeding points are picked up meticulously and are controlled either by liga¬ 
tion or by electrocoagulation. The third intercostal space is incised cautiously 
for entrance into the right pleural cavity. Division of the third costosternal 
junction affords an appreciable improvement in exposure especially in older 
individuals. 

Great care is taken to dissect the internal mammary artery and vein 
separately. Both are divided between clamps and the four cut vascular ends 
are individually ligated with medium silk or cotton. A pair of fixed rib 
spreaders (Finochietto) is placed with the side bar toward the midline and 
the intercostal space is widely opened. Separation of the intercostal muscles 
posteriorly is extended by the blunt pressure of a gauze-covered thumb, 
facilitated considerably by the disruptive tension provided by the partially 
opened retractor. 

Opening the pericardial sac: The right lung is compressed posteriori)^ after 
dividing any restraining pleural adhesions if necessary. The right phrenic 
nerve is identified I’unning longitudinally along the pericardium just anterior 
to the root of the lung. The pei’icardial sac is incised longitudinally about 1 
cm. anterior to and parallel with it up to the level of the junction of the 
superior vena cava with the atrium, then deviating anteriorly to avoid injuring 
the former structure. Weighted traction sutures are placed in the posterior 
cut edge. The opposite extremity of the pericardial incision is directed for¬ 
ward at a right angle, turning at a level which is just eaudad to the right 
atrial appendage. The anterior limit of this section passes under the peri¬ 
cardial fat pad and extends somewhat beyond the right sternal margin. This 
L-shaped incision results in the mobilization of an upper triangular segment 
of pericardium, pedicled obliquely forward and upward. Traction sutures 
placed in its free margins are attached with tension to the crossarm of the 
fixed rib spreader. This firm anterior pericardial suspension effectively acts 
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to ovcrcoiUG any tciulciicy' of the mediastinal .stvucturcb aiul tlic asccndiiio 
aorta progressively to migrate toward the left. Sucli migration ^voiikl render 
the exposure to the root of the aorta mueli less satisfaetory. 

The ascending portion of tlie aortic arch now will be visible within the 
wound, its first 2 or 3 cm. centimeters being overlapped by the right auricular 
appendage. Direct palpation of the root of the aorta, especially posteriorly, 
will reveal the typical systolic thrill of aortic stenosis, usually weakening or 
absence of the normal palpable shock of closure of the valve leaflets, and the 
diastolic thrill of associated aortic insuflieicncy if present. Tentative digital 
compression of the lowest portion of the aorta may reveal underlying masses 
of valvular calcification if marked. Sometimes a complete ring of calcification 
about the aortic annulus can be recognized. 

Exploration of the right atrium; It is our practice in these patients first 
to explore the tricuspid valve by inserting the ungloved left index finger 
through an incision made in the tip of the right auricular appendage, hemos¬ 
tasis being ensured by a purse-struig suture placed about its base. If tri¬ 
cuspid stenosis is found, it is treated immediately in a definitive manner using 
either the digital splitting or a digitally guided instrumental technique to 
separate one or more of the fused commissures. It is felt that an orifice 
sufficiently largo to permit two fingers to pass simultaneously (4.5 sq. cm.) 
should be striven for, provided an opening of this size can be obtained witliout 
producing a serious degree of insufficiency. It is felt that the finding of a 
significant degree of acquired tricuspid stenosis, a lesion apparently never 
observed m the absence of a coexistent mitral stenotic lesion, renders it 
mandatory that the mitral valve be explored at this same operative session. 

After examining or manipulating the tricuspid valve, the entire inner 
surface of the atrial chamber and septum is palpated to rule out the possible 
presence of a septal defect or of anomalous ijulmonary venous dramage. 

The exact steps of this procedure progress as follows: A nonorushiug 
clamp, usually of the Satiusky type, is closed across the base of the appendage, 
usually encroaching somewhat upon the true atrial wall. Using a heavy silk 
or nylon suture with a curved Atraumatic needle, a circumferential purse 
string is placed about the excluded appendage toward its base. The ends of 
the suture are incorporated within a Rumel tourniquet. An incision is made 
in the tip of the e.xcluded appendage, directed in parallel with the blades of 
the clamp. The lumen of the appendage is flushed with saline and any inter¬ 
vening trabeculae which might interfere with insertion of the finger are 
divided. 

An assistant amputates the portion of the glove which covers the opera¬ 
tor’s left index finger and the latter is washed with saline and dipped into a 
dilute solution of heparin (1/1,000). The two lips of the appendage are held 
up by tissue forceps and the tip of the bare finger is inserted into the opening 
which first has been filled with saline. As the clamp is released, the finger is 
advanced into the atrial chamber and the tourniquet is tightened sufficiently 
to provide hemostasis. 



412 BAILEY, BOLTON, NICHOLS, JAMISON, AND LITWAK J. Thoradc Surg. 

April, 1956 

The tricuspid valve is examined and it is determined whether its orifice 
is competent and of adequate size. If commissural fusion exists, it is evalu¬ 
ated. Then an attempt is made digitally to mobilize the adherent leaflets. If 
this fails -with moderate pressure, one of the guillotine knives used for mitral 




Fiff. 19.—a. Steps in inserting the operator’s ungloved left index Anger into the right 
atrial chamber via the auricular appendage to explore or manipulate the tricuspid valve. 

B, Symmetrial commissural obliteration in the tricuspid valve ultimately produces a 
diminutive central triangular oriAce. 

commissurotomy is inserted through the appendageal incision along the palmar 
surface of the finger and one (or more) of the commissures is divided. In 
general we prefer to avoid anything other than relatively gentle digital 
manipulation of the anteromedial commissure, and to limit any necessary in¬ 
strumental separation to the other two (Fig. 19, A, B, C,D, E). 
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After opening the valve sufficiently, the instrument, if any has been used, 
is removed from the heart, and the septum and posterior portion of the atrium 
are explored. The fossa ovalis and the ostium of the coronary sinus routinely 
are included in this investigation. 'When the operator is satisfied witii the 
examination, he withdraivs his finger, rcelamping tlie appendage. 



Fig. 19_ C, Asymmetric fusion of trlcusplil vnKc commissure^ mny Jc.ul to nn ccctn- 

trlcally located or sUtUke resUlual otlftce 

D, An attempt at digital splitting of the fused tricuspid commissures ahva>s is Imlicitoil 
before considering an instrumental attack 



c. 


Fig. , . ■ ■ .of one of the usual mitral commissurotomy guillotines 

upon the ■ . . is essential if created insulflciency Is to he a\oided 

The prope . ■ . between the two rows of chordae supporting that com¬ 
missure ai . ■ he employment of a baie finger technique—because of 

its greater ■ . _ _ - .j In ensuring accuracy of placement of the instrument. 

The purse struig is tightened and tied as the clamp is removed, is passed 
again around the appendage, and is retied. Tlie distal poition of the 
appendage is amputated to provide a biopsy specimen, and the cut end i.s 
oversewn with a No. 3-0 cotton suture on an Atraumatic needle. This i educes 
the size and lumen of the I'ight auricular appendage greatlj- and exposes a 
significantly greater poition of the loot of tlie aorta for tlie definitive siiigory. 
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G. D. 


Flgr. -0.—Resection of a lai'ge patch of the patient’s own pericardium in order to 
create a poviolr to bo applied to tire ascending aorta. Tins requires sternal transection and 
tile opening of botli pleural cavities. Tire employment of a preserved pericardial liomograft 

enables the operator to limit the thoracic incision to the right tliird intercostal space. A 

patch of plastic fabric (Vlnyon or sealed nylon) may be used in a similar fashion. B, A 4 
cm. incision is made longitudinally in the patch of denuded pericardium or plastic fabric. A 

purse-string suture of heavy nylon thread is placed about its periphery in such a manner 

that the line of the sviture loops comes to lie farther from the extremities of the incision than 
from the sides. Only very small loops of suture material are placed upon the smootli (epi- 
cardlal) internal aspect of the pouch. C. The adventitia of the ascending aorta is picked up 
at selected points with fine hemostats. D, A large Satinslcy type clamp is applied longitudi¬ 
nally to this portion of the aorta in such a manner as to exclude a sizable poi'tion of its 
circumference (up to one-half). The excluded portion is incised longitudinally for a distance 
of 4 cm. 
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A segment of liomograft pcricai’diuiii obtained, sterilized, and preserved 
by the method reported by Jleeker and Gross’" for aortic homografts, is thawed 
out and any excess pericardial fat is dissected away. A rectangular patch 12 
by 18 am, is ideal for this purpose, although a smaller one (above 5 by 8 cm., 
however) may be used with somewhat more difficulty. "While a portion of the 
patient’s own pericardium may be used, this ordinarily necessitates opening 
both pleural cavities. If the right side of the pericardium is excised for this 
purpose, it must be replaced by plastic or other type of material to obviate 
possible postoperative dislocation of the heart into the right pleural space. 
Wiile we and others, Glenn,” Swann” have used latex and plastic pouches 
instead of pericardium, their use often is attended by very serious bleeding 
from the aortic anastomosis. We feel that the use of a square patch of 
Vinyon plastic fabric or of nylon fabric in which the central and peripheral 
cut edges have been flashed in tlic flame of a match is much to be preferred. 
The technique is similar to tliat used for the pericardial patch. 

The homograft is spread out upon a moist towel, epicardial surface upper¬ 
most. An incision, 4 cm. in length, is made longitudinally in the central por¬ 
tion of the graft. Using a heavy njdou suture with a swedged-on curved 
needle, the opening in the pericardium is circumscribed at a distance of 2 to 
5 om. from its edges. The bites of the needle are placed in such a manner that 
very small loops (2 to 3 mm.) of the suture material arc placed on the cpi- 
oardial surface of the membrane, while 1 cm. loops lie upon tlie roughened 
pleural surface of this tissue. The extremities of the sutures are caused to 
emerge from the rough surface. An effort is made to provide a greater mar¬ 
gin of distance about the extremities of the opening than at its mid-point. 
This provision of additional tissue at these points tends to reduce the tension 
upon the aortic anastomotic sutures at the extremities of the suture line. 
Several weighted stay sutures arc placed about the periphery of the patch to 
permit it to be held extended. 

The adventitia of the right lateral aspect of the ascending aorta is picked 
up with fine heraostats, and a large Satinsky aortic clamp is placed longitudi¬ 
nally to exclude one-fourth to one-third of the aortic lumen at a site extending 
upward from a level about 2 cm. above the aorticoventricular junction. A 4 
cm. incision is made m the excluded portion of the aortic wall and the lumen 
is flushed with heparin solution. 

Now the pericardial patch is laid over the ascending aorta so that its in¬ 
cision lies upon the aortic opening and the free e.xtremities of the purse string 
are placed medially, A special mattress suture of No. 4-0 arterial silk is placed 
at either extremity of the aortic incision in such a way that the angle of junc¬ 
tion of the two out pericardial edges is folded over, and then under the ex¬ 
tremity in an imbricating fashion. The.se sutures are each continued as a 
limning mattress, respectively, along one of the aortic lips, bringing about 
similar inibrication of pericardium over aortic edge for the full distance of the 
wound (Pig. 21, A, B). An e.xtra mattress suture is placed through pericardium 
and aortic wall just distal to each of the initially placed ones in order to afford 
additional hemostatic security. 
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n.ivmg comiileted the .ittachiiieiit of the ijeiieaidial palcli to the aoita, 
the piuse stung is tightened by hand sutTieiciitly to eonicit it into a iioueh- 
like” stiuetuie aiising fioin the aseending aoita Then tlic cNtieiiiities of the 
pulse string sutiue aie incoipoiated Mithin a Jtuinel touinuiuet the pouch is 
filled with dilute hepaini solution and the tip oL the opeiatoi’s uiigloied lett 
index flngei is nisei ted into it The piiisc stung siituie is tightened about the 
fingei and the aoitic clamp is leleased The pouch becomes distended ivith 
blood and pulsates but only insignificant bleeding should oteiii eithci fioin 
the line of anastomosis oi about the entiaiice of the fingei into the iioiich 
(Fig 21, C, D, /;) It such bleulnig should bo iiiaiKcd, the aoita must he 
leclamped and the leak lepaiied befoie going ahead uitli the dcfinitiie siii- 
geiy 

The opeiator advances his left index finger into the aoita as the toiunifpiet 
IS loosened slightly Soon the fingei tip appi oachis the val\ e and detects the 
jet ot blood emeignig fiom the iciituclc, iiith each sjstolc By following up 
the systolic jet, the fingei tip uill soon reach the diminntne valve oiifice and 
he able to palpate it iiioiucntaiily This ma> be lepeatcd ftom tune to time 
being caioful nevei to block it foi nunc than 3 heaitbeals at a time, and 
allounig a somewhat longei nitenal of ficc ciieiilation between such cxamina 
tions Soinetnnos the valve opening iiiaj be so small that it can be lecognized 
only with the gieatest difficultj 

All attempt is m.ido to lecogiiizc the vaiious comimssiucs, and the con 
eave upper surfaces of the cusps, and the sinuses ot Valsalva aie explored 
Havmg estimated the likelihood of restoiation of some valvular fuiietion the 
flngei tip IS niseited into tlic diminutive opening, splitting it somewhat if 
iieecssaij, and diiect digital picssiuo is made first ag.imst that commissuio 
which is considered most favorable for separation tVithin less than 3 heait- 
beats the pressure is released and the fingei is drawn out of the valve orifice 
into the aorta for a few moments If splitting of this eommissuie has taken 
place and been adequate, attention is tinned tovvaid anothei one If sepaia 
tioii has not begun, or has been incomplete, another attempt is made to split 
it digitally, this time with the aid of cxteiiial coiintei pressure, applied by 
the gauze covered fingers of the right hand Esometiines hooking the intia 
aortic finger tip beneath the valve eommissuie and applying upward tiaction 
will prove a more effective way of breaking the cross fusion of the cusps 
However, this is a somewhat dangerous nianeuvei and may lead actually to 
partial detachment of one of the leaflets fiom the annulus fibiosiis with le 
sultant ensuing regurgitation (Pig 22, A, B) 

It IS felt that if one commissure has been split to the aoitic wall, and 
another one half way, a minimally adequate valve passageway will have been 
established Nevertheless, the functional lesiilt may not be satisfactory if the 


Fig 21 —1 Method of folding cut edge ot central incision in pericardial or plastic fabric 
patch over lip of aortic incision Continuous through an I through mattress sutures produce 
a permanently imbricated or mortised juncture ot the tissues Such anastomoses do not le^Ik 
even under the strain ot full aortic pressure B, Actual photograph sliouing ImplementaUon 
of this concept C, By drawing upon the imrse string a pouch u Ithout a lateral s?am i3 

SSfuT** (/roi;^=S3!er“s‘SS3J^' o1'“t?ii-He\Yf X^Ycs^\‘e"a’£Tebi“fr 
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valv6 conipoHSHts 3.T6 r6lcitiv6ly stiff and. iioiiiiiobil6. How6V6i’, tii6 nfisrG fact 
of calcification need not necessarily indicate an incapacity of the valve to func¬ 
tion. Provided there is significant flexibility in the basal portion of the valve or 
in the aortic wall itself at the site of valvular attachment, a considerable amount 
of normal type cusp movement may be established. In all cases as much 
anatomic valvular mobilization should be accomplished as is readily possible. 




Fig. 22 .—Aj Finger tip is advanced into the aortic lumen and finally to the 
level to explore its pathologic condition. A second line of hemostasis may be establish^ by 
tensing a strip of gauze placed around the pouch proximal to the pur^-string suture, n, in 
nearly half of the patients, one or more of the fused commissures can be separ^ed by aimtai 
pressure, perhaps aided by external counterpressure with the opposite (right) hand, o, une 
of the mitral commissure guillotine knives may be inserted along Uie finger and .tu^’bugh pne 
pouch to divide a resistant commissure. Extreme accuracy of application is essential. 
(From Bailey, Surgery of the Heart, courtesy Lea & Febiger.) 


Should the digitally established valvular enlargement be deemed to be 
inadequate or negligible, instrumental help becomes mandatory. In some cases 
one of the usual mitral commissurotomy guillotines may be inserted throxxgh 
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the appendage along the finger. This technique tvas first applied by Swann.^“ 
It is passed through the valve orifice, is applied against an appropriate com¬ 
missure, and is opened. The hooked underbladc is engaged accurately under 
the line of valvular fusion, and then the instrument is closed by advancing the 
sliding guillotine-type blade. If accurately performed, a good anatomic 
separation of the valve elements may be achieved. However, the least in¬ 
accuracy of application may create a severe degree of aortic insufficiency 
(Fig. 22, C). 

In many cases one may prefer to insert a two or tlircc bladcd retrograde 
aortic dilator through the opening in the pouch along the palmar surface of 
the operator’s index finger. This may be accomplished without encountering 
excessive hemorrhage by first applying a constricting loop of unrolled gauze 
about the basal portion of the pouch. This permits rela.xation of the distal 
purse string so that the lead end of the closed dilator may be placed within 
the opened upper portion of the pouch. The purse string is tightened about the 
instrument and finger, and the gauze is loosened slightly (but not completely, 
as it aids in the hemostasis). 'Ihe instrument is advanced cautiously until its 
olivary tip lies just above the aortic valve. The intra-aortie finger locates the 
valve orifice (by the emerging systolic jet) and guides the tip of the closed 
instrument through it. 

This technique may prove unusually difficult in some of the “clamshell” 
valves where there is an almost unrecognizably narrow slit which can be 
detected only by palpating the emerging systolic jetlike stream of blood. 
Here, the finger tip is poised on the valve edge in the region of the maximal 
jet. By timing with the cardiac cycle the flat edge of the finger tip may be 
inserted (perhaps forcibly) into the maximally open valve slit at the exact 
moment of beginning systole (beginning onset of the jet). To date this 
maneuver has been possible (and successful) in every patient operated upon 
by the supravalvular approach. 

Once the finger tip has been inserted into a very small valve orifice (and 
has dilated it somewhat) it only requires exact timing to replace it by the tip 
of the closed instrument as the finger tip is withdrawn. Deeper insertion to 
apply the shoulder and dilating portion of the instrument into the valve may 
entail the use of considerable force. 

The finger and dilator are turned in such a way as to line up one of the 
parting blades against the commissure deemed most favorable for blunt dis¬ 
ruption. The other blade automatically becomes lined up with another com¬ 
missure. By cautious compression of the hand grips of the instrument, the 
two blades apply pressure against the appropriate commissures, nearly always 
splitting at least one of them. Any intimation that one blade has begun to 
make pressure directly against the aortic wall or that valvular separation has 
begun at a point other tlian at a commissure is an indication for re-evaluation 
of the problem or termination of the procedure. By rotating the instrument 
120 degrees, the third commissure may be attacked. After use of the instru¬ 
ment further digital splitting may become possible, just as it often is in the 



420 


BAILEY, BOLTON, NICHOLS, JAMISON, AND LITWAK 


J. Thoracic Surg. 
April, 1956 



Fiff. 23.— A, Tvs'O-bladecl retrograde dilator, illustrated in Fig. 17, is inserted through 
the pouch along the palmar surface of intra-aortic finger to separate resistant valve com¬ 
missures. B, Olivary tip of dilator is guided by intra-arterial finger to the diminutive valve 
orifice by the technique of following up the pulsatile jet of blood emerging from the nozzle- 
llke valve opening. C, After the dilator mechanism has been forced into the valve orifice 
and has become aligned with *^wo of the commissures, the blades are caused to exjiand by 
compressing the handles of the dilator, thus applying splitting pressure simultaneously against 
two of the fused valve commissures. D, Representation of method of applying parting pres¬ 
sure against each of the three valve commissures. (From Bailey, Surgery of the Heart, 
courtesy Lea & Febiger.) 
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course of a digitallj guided initial comimssuiotomy Indeed file uliole iiio- 
teduie elobel> lescmbks that ot the nou will established compaiable suigeiy 
of the stenotic initial \ahe (Fig 23, -1, U, G, D) 

Upon the teiminatioii ot i.ihulai insUiiineiitation, the opeiatoi leassiues 
himself (by iiitia aitciial e\aniiiiatioM) that the blades of the dilatoi aie 
completely ictiacted (closed) and then simply ivithdiaus the instiunient fioiii 
the lessel and pouch Any attemiit at mthdianal with the blades even 
slightlj expanded is fiauglit uith gieat daiigei of engagement upon a poition 
ot the lah e oi of laeeiation of the aoitic Mali itself 

The fingei tip is MithdiaiMi into the peiieaidial iioueli and a geiieious 
poition of the aoitio wall, bcjond the basal attaehment, is damped with the 
special Satinsky clamp The attaching sutiiies at the base of the pouch aie 
cut awaj and the aoitie ineisioii is lepaiied using one lOW of continuous 
mattiess sutuies of No 4 0 aitciial silk, and one more supeificially placed low 
of eontinuous oier and o\cr sutuies Aftci leleasmg the clamp, simple digital 
pressuie with a gaure pad will suffice to contiol anj coring from the stitch 
holes 

Exphiation of the mitxd lahe. Pio\iding the patients condition is satis 
factoij aftei the eomplction of the closiue of the aoitie wall, it is felt that a 
digital exploiation of the initial calve is iiulioated loutinely All too often 
m spite of the exhibition of all the usual clinical and physiologic methods of 
investigation, a dynamically significant initial calcular lesion may be occr- 
looked in a patient with picpondeiaiit aoitie disease Should the opeiatoi 
fail simultaneoiislj to coirect such a lesion, cspeciall} if it is a stenotic one, 
significant oiei all eliiiical iinproi ement may not oecui, since the cardiac out¬ 
put will not iiieiease appiecnblj as a lesult of lelief of the aoitie obstiuction 
alone Hence, since raitial stenosis is pieseiit in about one half of all patients 
opeiated foi aoitie stenosis, we feel that such a coexistent lesion should be 
luled out 111 all eases, if the patient’s condition peiniits, by direct digital 
examination of the mitral val\e Naturally, if a strong suspicion of coexisting 
initial stenosis has been expressed bj some of the medical attendants, one’s 
desiie to rule it out definitiielj is ciilianced The piesence of atiial fibiilla¬ 
tion usiiall} indicates associated niitial disease since it laiely appears in un 
complicated aoitic lahiilai disease but is very common with mitral lesions 
The pieiious finding of a seiious degiec of tiiciispid stenosis is considered to 
be a pathogiiomonie indication of the piesence of mitial stenosis 

The inteiatual giooie is exposed just to the right of, and posterior to, 
the supeiioi leiia caia It is dissected apait foi a distance of about 1 5 cm 
Then a small bite puise stung sutiiie is placed wudely (5 to 6 mm distance) 
about this aiea of dissection, using a cuivcd needle swedged on a heavy njlon 
siituie Caie is taken that each pass of the needle penetiates into one of the 
atiial hiiiiim The ends of the sutiue aie incoiporated within a Furael tourni- 
cpiet for lebable flexible heiiiostatie contiol (Fig 24, A, B, 0, D) A No 3 0 
cotton siituie is placed and tied at eich exticmitj of the dissection to facilitate 
subsequent lepaiatne siitiiiing 
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The interatrial septum is dissected somewhat farther, perhaps to a depth 
of 2 cm. taking great eare not to break, inadvertently, into the right atrium. 
The ungloved tip of the operator’s left index finger is inserted into this dis¬ 
sected ai'ea. A large knife blade (Bard-Parker No. 20) on a detachable handle 
is laid upon the palmar surface of this bare finger and is advanced over the 
tip to penetrate through the left or lower half of the septum and to enter the 
chamber of the left atrium. The knife is -withdrawn with eare to avoid cutting 
the purse-string suture which is kept loosened at this time. The finger tip 
seeks out the site of hemiseptal puncture, tamponading it and then advancing 
through it to the region of the mitral valve. This valve lies farther from the 
right-sided site of cardiac entrance than it does when approached through the 
more usual left-sided incision, and, therefore, may necessitate the insertion 
of nearly the whole length of the finger into the atrium (Pig. 25, A, B, C, D). 

The valve slit runs approximately horizontally -with the patient in the 
supine position, and, hence, nearly in line vdth the finger. This is at right 
angles to its general line of direction when examined from the left lateral 
approach. After exploring and evaluating the anatomic and functional condi¬ 
tion of the valve, thought is given to the technique of performing a eommisur- 
otomy if mitral stenosis has been found or some type of repair if the valve is 
incompetent. The latter is a more major undertaking and will not be detailed 
in this paper. However, the former is so readily and logically accomplished 
fi'om this approach that it -will be given at this time. 

Mitral conunissurotomij from the right side: The tip of the bare index 
finger is directed first against the least accessible (anterolateral) commissiire 
of the valve. In a fair percentage of cases (20 to 30 per cent) anatomic 
splitting Avill take place even "without the exhibition of much pressure. How¬ 
ever, really strong disruptive pressiu’e against this commissure can scarcely 
be applied from this approach since effective external digital counterpressure is 
weU nigh impossible. Hence, the use of an appropriate instrument may be¬ 
come necessaiy, unless the posterior commissure can be opened sufficiently by 
itself to provide an adequate final passageway (1% to 2 fingers or 3.0 to 4.5 
sq. cm. cross-sectional area). 

Digital separation of the very readily accessible posterior commissure is 
accomplished much more easily from this approach than from the more usual 
left lateral one through the left auricular appendage. As in the digital per¬ 
formance of commissurotomy, by any approach, it must be done only a little 
at a time by intermittent application of pressure, in order to avoid a sudden 
great extension of the separation which might be complicated by severe re¬ 
gurgitation. Probably the posterior commissure can be split digitally to some 
degree in at least 50 per cent of patients thus operated upon. 

When an incompletely satisfactory opening is obtained by these maneu¬ 
vers, instrumental aid becomes mandatoiy. Our preferred instruments aie 
essentially longer versions of the usual eommissurotomy guillotines'^ modified 
as suggested by Nichols'*^ so that they may be used also to divide a directly 
adherent papillary mxisele should it prove necessary. 


•Obtainable from George P. Pilling & Son Co., Philadelphia, Pa. 
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Fig. 24 —A, Pertinent anatomy con¬ 
cerned with the perfoiiuance of mlttal com¬ 
missurotomy from the right side, via thu 
interatrial groo\e li. Cross section of the 
' • * . * • \el of the four 

. . . diagonal line 

• • ptum which Is 

‘ ' . .to two hatvcb 

... .. ‘ the interatrial 

groove and septum D, Not over t.5 cm. of 
the length of tlic interatrial groove is 
separated A purso-string suture of hc.avy 
nylon thread is placed about this area of 
ilisbection. taking care tiiat each bite pene¬ 
trates Into the respective atrial lumen A 
Ilumcl tourniquet Is cinploye<i to provide 
flexible hemostatic tension. 






G. 


D. 


i'ig'. 25.— A, The dissection of the interatrial septum is carried to a depth of 1.5 cm., 
in part by digital separation. 

B, A large-bladed knife (Bard-Parker No. 20) is laid upon the palmar surface of the 
bare finger tip as it lies in tlie furrow of dissection. The direction of insertion of the knife is 
angulated and it is advanced over the tip of the finger until it pierces the left side of the 
separated septum. It should not penetrate farther than 1 cm. within the left atrial cliamber 
lest it pierce the posterior (opposite) atrial wall. 

C, Actual pliotograph of knife puncturing into left atrial chamber via the interatrial 
groove. Care must be taken to avoid dividing the encircling purse-string suture winch is kept 
loose during this maneuver. A gush of bright red blood indicates entry into the left atrium. 

Bj As knife is withdrawn, the operator’s finger tip is advanced, seeking and finding the 
site of puncture of the left half of the atrial septum and penetrating through it The septal 
opening will be found to be somewhat too small for the finger, thus providing a secondary 
hemostatic line of constriction. 
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For tile anterior coniniissure tlie Jeft-sidcil guillotine is inserted into the 
heart along the bare palmar surface of the intraeardiae finger as the anterior 
lip of the dissected sulcus is held upward with hand-held tissue forceps. It is 
passed through the valve orifice in the closed position and is applied against the 
anterior (less accessible) coniniissure taking care that it conies to lie between 
tbe two rows of chordae, respectively, supporting the two leaflets. Iheso lie 
more posteriorly (toward the vertebrae) than would be expected. The sliding 
lilade is retracted by the right hand while the intraeardiae finger tip iiresses 
the edge of the instrument against the extremity of the valve orifice. As the 
sliding blade is retracted the hooked underblade slips beneath the coinmissure. 
At this point the handle of the instrument is maneuvered so that the cutting 
blades are directed horizontally. Pressure of the right thumb closes the in¬ 
strument, the sliding blade shearing through 4 mm. of the thickened commis¬ 
sural tissue. If the tissue is deemed thick and fibrous enough to justify a 



■ ... .lortlon of the Intoratruil seatum after 

the anser Is withdrawn, j • , . initial hemostasis. Application of a 

TOW of continuous niattress ■ ... \ t . .Is.secteC lips of the interatrial groove. 

Final overseiving stitches re nforce closure No attempt is matic directly to suture the edges 
of the incised left half of tlie septum. Purse .string may produce puckering of inner atrial 
wall and should he removed. 


second cut the sliding blade is drawn back without removing the instrument 
from the valve, permitting the hooked underblade to pass further under the 
coinmissiiral tissue. Jfaintenance of finger tip pressure against the cutting 
extremity of the instrument ensures exact placement of the instrunient into 
the apex of the previous incision. 

Often the operator will prefer to remove the instrunient from the valve 
momentarily, while he applies tentative disruptive pressure to the partially 
incised commissure. If separation then begins with digital pressure, the 
instrunient is removed from the heart and the eonmiissurotomy is completed 
by a splitting technique. 

If an inadequate valve opening has resulted from these efforts, iustru- 
nientation of the posterior commissure is in order. This is not attended by 
the same considerable risk of production of insufficiency which has been 
experienced by nearly all operators in .attempts at posterior eonimissural in- 
striiinentation from the left side. The right-sided guillotine is inserted ' ' > 
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the left atrium in the manner used previously for the left-sided one. It is 
passed into the valve orifice in a closed position and is opened while its edge 
is being pressed back against the posterior commissure. Again great care 
must be taken to apply it so that the hooked underblade becomes placed 
accurately between the two rows of supporting chordae. This commissure 
is cut in the same manner as is the anterior, and the commissurotomy is con¬ 
tinued digitally if and when this method of leaflet mobilization becomes effec¬ 
tive. 



A. 


Fig:. 26, A —Sketch showing how all three of the valves which are subject to clinical 
rheumatic involvement may be approached from a right-sided thoracic incision for exploration 
and corrective surgery. The aortic %alve may be approached through a pouch sutured on the 
ascending aorta, the mitial through the dissected interatrial groove, and the tricuspid through 
the incised right auricular appendage 

Subvalvular cross fusion of the chordae or of the papillary muscles them¬ 
selves should be bandied in exactly the same manner as they are through the 
left-sided approach to this valve. Nichols*^ has described these methods in 
some detail. Since the guillotines designed especially for the right-sided 
approach have been made to include the principle of his Papillotome, no addi¬ 
tional instrument of that type is necessary. 





\„lu,„c31 SUUCilCAL TItKATMENT OE AOUTK: hTKNUSlS -ViT 

\«unl>cf < 

Ill general, when instnimentally iliviiling a eominissure fiinn the right, 
one nili.st rcnieinher that, in this poMthm, the e\treniities of the ileCormeil 
eommissnres are not usually direetoil above the hori/.ontal. lienee, the line 
III the cutting blades of the instrument, when dividing either euinmlssure, 



Fie. 26, B and C— B, PhotOErapli of rlght-sWwI Incisional scar in p.Uii-nt subjeclcd to 
simultaneous correctUe surgery of all three \olve3 O, Photograph of the less esthetic pos¬ 
terolateral thoracic Incision emplojcd in the usual left-sided approach to the mitral \al\e 


ordinarily should be diiocted horizontally i.ither than upwaid into the sub¬ 
stance of the pieiiondorantly important septal leaflet. However, the line of 
valve fusion then turns upward at cither extremity so tliat a second cut sliould 
be deviated in that direction. 
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When the definitive mitral surgery has been completed, the finger is with¬ 
drawn gradually from the heart, the purse-string suture being tightened pro¬ 
gressively. When the finger has been removed entirely, the puckered anus¬ 
like opening between the atria is sutured together with cotton (3-0), using one 
row of continuous mattress sutures and one row of simple running sutures. 
No attempt is made to suture the slitlike opening which has been created in 
the left side of the interatrial septum (Fig. 25, A, B, C, B, E, and Fig. 26, A). 
The tourniquet and the purse string are removed. 

The pericardium is flushed with saline and is repaired loosely with 
interrupted cotton sutures. The pleura is flushed and is drained with a No. 
26 F. urethral catheter with additional holes cut into it. This is passed 
through a stab wound in the right eighth intercostal space, posterior axillary 
line, and is connected with a water-seal drainage system. 

The ribs are approximated with heavy pericostal sutures of ehromicized 
catgut. The muscles and fasciae of the chest wall are closed in a similar 
manner. The skin is closed with continuous subcuticular stainless steel wire. 
This incision produces a much shorter and cosmetically more acceptable sear 
than does the older left posterolateral one (Fig. 26, B, C). 

RESULTS OP AORTIC COMMISSUROTOJIY 

Naturally, it is impossible to present the desirable long term follow-up in 
a series of patients subjected to aortic commissurotomy since the first of them 
was operated upon (by a reasonably acceptable technique) only three years 
ago (April 4, 1952). Furthermore, the actual clinical and statistical results 
obtained in a beginning series in a pioneering effort directed toAvard the 
alleviation of a previously inoperable lesion should be evaluated both gener¬ 
ously and realistically. The nearly continuous changes in methods of case 
selection, in surgical technique, and in medical management have vitiated 
many possibilities of nice and meticulous comparison. The coexistence of 
other Amlvular conditions in many of the patients has added other variables 
to our consideration. In retrospect, we can see that there have been errors in 
concept, in judgment, and in technique. The knowledge which now permits 
their recognition and correction, however, could scarcely have been obtained 
other than by the frequently painful one of trial and error. 

A total of 287 patients with aortic stenosis have been operated upon since 
March 6, 1950. All but those Avith essentially “pure” aortic stenosis and 
combined aortic and mitral stenosis operated upon by the triradiate trans- 
ventrieular dilator or through the supravalvular approach have been elimi¬ 
nated from further critical evaluation. TAventy-one and three-tenths per cent 
of the patients Avere operated upon by the much preferred supravalvular or 
transaortic approach using an artificial “aortic appendage” and a digital or 
a digitally controlled technique. The operative mortality and the postopeia- 
tive results obtained Avith the transventrieular operations appear on Tables 
I, II, W, and V. 
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Table YII. Catjses op Death in Patients Operated Upon for Pure Aortic Stenosis by 

THE TraNSAORTIC TECHNIQUE 


Cardiac arrest (3 with, severe hemorrhage) 4 

Ventricular fibrillation 1 

U remia 2 

Creation of se vere insufticiency j 

^Total ~ 7 


Even’ though 3 of these deaths are believed to be due largely to inexperience of the 
operator with this new technique, both the early and later operative mortality has been 
distinctly lower than that associated with the transventricular approach. Furthermore a 
detectable increase in a preoperatively recognized element of aortic insufficiency was noted 
in only 1 patient in this series. Follow-up has been possible in all of those surviving surgery 
but only in 57 per cent has this follow-up been longer than six months. 


The operative mortality experienced in 47 eonseentive operations by the 
transaortie approach for aortic stenosis alone is expressed in Table VI and 
VII. That in 14 consecutive eombined operations using this approach and a 
right-sided mitral technique is shown in Table VIII. 


T.IVBLE VIII. OpepwVTive Mortality in Transaortic Approach and Eight-Sided Mitral 

CoJIillSSUROTOlIIES IN COMBINED MlTILVL AND AORTIC STENOSIS 


AMERICAN heart ASSO¬ 
CIATION CLASS 

number of 
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HOSPITAL 

DEATHS 

OPER.tTIVE MORTALITY 
RATE 

I 

0 

0 

0 

11 

5 

0 

0 

III 

9 

1 

11.1% 

IV 

0 

0 

0 

Total 

14 

1 

7.1% 


Alterations achieved by surgery with respect to various objective findings 
and subjective symptoms are detailed in Tables IX and X. 


T.yble IX. Six-Month Yollow-Up Evaluation of Pre- and Postoperative Symptoms of 
Patients Operated Upon for “Pure” Aortic Stenosis (Supravalvular Approach) 
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Present 

Present 

Present 

Present 


10.5% 

33% 

9.5% 

14% 

4.8% 

9.5% 

14% 


Table X. Objective Postoper.ytive Changes Following Aortic Commissurotomy 

(at leiVst by six months) 


changes post- 
operatively 
Absent 
Dimiiiisbed 
Unclianged 
Increased 


AORTIC AORTIC 

AORTIC 


SYSTOLIC DIASTOLIC | 

1 SECOND 

heart SIZE 

murmur murmur 

SOUND 

X-RAY 

(%) (%) ! 

1 (%) 

(%) 


18.2 

5-1.5 4.3 

41 45.5 

4.5 31.8 


31.S 

68.2 


13.6 

72.8 

13.6 


PULSE 

PRESSURE 

(%) 


5.3 

52.6 

42.1 
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Noniber t 

Altci-alioiis imiiui-tod l(i tlie brucliial arterial iire.ssurc curves are shown 
in Fis;. 27, .1, li, C. 



Fjg 27-—wl. Abolition of the anacrotic notch (double-summit cnri.f*’! in . , 

pressure tracing by satisfactory aortic coinniissurotomy Uniior cfifvp arterial 

curve, postoperative B, Abolition of the anacrotic notpii mV 
brachial arterial tracing by satisfactory aortic commissurotomv 

lower cur^c. poaloperative. C, Rise of the anMrot?e notch ^Vhe preopcratlve; 

arterial tracing from a lower to a higher level folIowhiir^norM^ ^ brachial 

considered as evidence of iinprovcinont ()cs'»cning) in tlm 
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B. 

Fig 28 —Precommissurotomy. A, Preoperative diflerential between aortic and ventricular 
pressures in W. B. (obtained by direct puncture at surgery). 

B Comparative postoperative pressures in W. B. showing abolition of gradient, obtained 
Immediately after supravalvular digital aorbic commissurotomy. 
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c. 

AORTIC SIBI031S (PBB-OP) 




LEFT VSilRICLE_ 

AORTlO'STEIOalS ' (POST-OP) 



AORTA 



prior '=« 'cntriclo In N.F., 


. P,» Comparative postoperative tracings showing reduction 

to achieve complete abolition by performance of supravalvulai 


in systolic gradient but failure 
instrumental commissurotomy. 
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A. 



B. 


Fig. 29.— A, Phonocardiogranis in A, \V., showing a great postoperative reduction in the 
intensity of the systolic murmur of aortic stenosis. There is no evidence of restoration of the 
aortic second sound. (Upper part, preoperative: lower, postoperative.) 

B Phonocardiograms In L. IX., showing a reduction in the intensity of the aortic systolic 
murmur and intensification of the aortic second .sound following aortic commi.ssurotoroy. 
(Upper part, preoperative; lower, postoperative.) 
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Heductiou m piessmt diAeuntial btUvctii tlit left vcntiiele and the 
loita (jiiuisiiied diittlly <lniniK singti\) ale Oiouii in ‘3S, A-l) In 
Xoituuattlj, ne hue not iieifoiined loU he lit e itheteii/alion in any post 
opei ati\ e patient as i et 

Kadio,^iaphie ehaiigei. in he irl si/c ha\e been iihititeli niininial Jlon- 
e\ei, Mine most ot tliese patients btill imuntain some usidiial eleineiit ol 
aoitie sleiiosib, eien it it is oiilj tint degtec nliieh is iilated to stilTiiess ol 
peiliaps extensmb niohili/ed eusjis, it would seini nnleasonalile tii e\peet 
gieat 1 eduction m the si/e of the left eeiitiiele 

The plionoe<iidiogiani olteli sliowa .i gieat iceluetioii in the intensity ol 
tile has d s^stolie muiiiini and a letiirii of the aoitie seeoiid sound llowcm, 
theie lb sildoni a eoniplete aholiiion ol the niiiiiiiiii (Fig 3‘), ,1^ J!) 

The speitioeaidiogi ims'^ taken hetoie amt aftti loitie eoiiiniissurolonij 
sliow .1 bimilai fuoi ihle alteiation (ITg lOJ 



llg 30—SpectrocaraiObrami sliuivlns a roUuctlon in the Inlcnaltj of the sybtollo iiiur 
niur of aortic stenosis and a restoration of tlio previously Iniporevpllblo aortic secon 1 sound 
followintt aortic coininlssurotoniy In Patient h SIcN (These truclni,» were orcii.i-i I bv Di 
PlXdelp?.m°pt) "'‘ Cvrdloloitj .t Hahnetnunn Medical Cohepe'^ SKfrilo^lUI 


bUSIM uiy 

1 aV desciiption of the peitiiient pathologic <ind phybiologic ahiioi nialities 
ohsei ved in aoitie stenosis has been piesentcd 

2 AVe have detailed the development of eoiieeptb and techniques of 
suigeiy foi the alleviation of aoitie stenosis 

3 The indications foi and steps in iiiamgenient of jiitieiits nndeigonio- 

aoi tic eomraissui otomy si e diseusscd " 
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4. The improved techniques of management of isolated aortic stenosis 
and of combined mitral and aortic stenosis are illustrated. 

5. The results of our experience to date are epitomized. 

6. Trivalvular (mitral, aortic, tricuspid) exploration is recommended by¬ 
way of a right-sided (third or fourth anterior intercostal space) incision when¬ 
ever possible in all patients operated upon for a single rheumatic stenotic valve 
lesion. All correctible lesions found should be treated at the same operative 
session. 

CONCLUSIONS 

Severe rheumatic aortic stenosis is a medically intractable and often a 
promptly fatal illness. However, some patients may siuwive for years, 
although with increasing incapacitation. This lesion is reasonably responsive 
to appropriate surgical separation of the obliterated commissures. 

This should be performed, whenever feasible, by the transaortic route, 
using digital “vision” to explore the valve and to control the course of any 
instrumentation. Splitting of one or more fused commissures by simple 
finger pressure is possible in almost one-half of the patients. Instrumental 
aid is mandatory in the rest. 

Coexisting mitral and tricuspid stenosis may be approached and relieved 
satisfactorily from the right side through the same right anterior thoracic 
incision. Indeed, it is now our custom to perform elective surgery for 
“isolated” mitral stenosis by the right-sided thoracic approach largely in 
order that any other valvular conditions unexpectedly encountered may be 
treated simultaneously. 

The operative mortality and the clinical improvement obtained in surgery 
for aortic stenosis now closely approach the satisfactory levels established in 
commissurotomy for mitral stenosis. 


) 
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Discussion 

DE. HAKEISON BLACK, Boston, Mass.—^I should like to congratulate Dr. Bailey 
on his large series but would like to go back to the discussion on aortic stenosis where 
we started. Our interest on Dr. Harken’s services in Boston has been directed, during the 
developmental phases of aortic surgery, toward determining which patients need surgical 
relief. I believe that as experience increases one comes to realize that one swallow does 
not make a summer and that a murmur and thrill (caused by turbulence of blood) do not 
necessarily indicate a hemodynamically significant valvular lesion. Therefore, up to the 
present we have chosen to operate only when aortic stenosis has produced part or all of 
the triad—angina, syncope, or left ventricular failure. AVhen mitral and aortic stenosis 
have coexisted, we have not corrected the aortic lesion unless the transaortic gradient 
measured on the table exceeded 50 inm. Hg. (slide) Our choice of this figure is arbitrary 
but is based on the pressure-work studies of Dr. Eiehard Gorlin of our Medical Department. 
(Bull, of New England Med. Center 16; 13-23, 1954.) 

On the diagram you will note that the work of the left ventricle rises steeply when 
the gradient exceeds 50 mm. Hg. In a group of between 30 and 40 patients with such combined 
lesions but with an aortic gradient below 50 we have performed mitral valvuloplasty only. 
The follow-up of these patients over several years apparently justifies this decision, for 
the vast majority have been markedly improved and have been able to return to a normal 
level of activity. From this we may conclude that some patients with mitral stenosis 
and an aortic murmur and thrill may do as well without the aortic operation as with it, 
(slide) Dr. Gorlin’s studj’ has documented another important point that has become 
increasingly apparent from clinical experience, that is, that the correction of aortic stenosis 
cannot be accomplished bj" the creation of insufficiency any more than is true in dealing 
with the mitral valve. This diagram reveals that with an aortic valve of a given area the 
work of the left ventricle increases threefold when insufficiency is added to the stenosis. 
Our record with the transventrieular approach to the pure aortic stenosis is quite 
similar to Dr. Baile}'’s with appro.vimatelj' 30 per cent early mortality and less than 50 
per cent survival when the late deaths are included. For this reason we have turned to 
the transaortic approach described by William Swann of Knoxville. This is vastly 
better tolerated than the transventrieular operation since neither pleural cavity need be 
opened, both lungs are expanded and available for ventilation throughout the procedure 
and the problems of ventricular cardiotomy (hemorrhage, standstill, and ventricular 
fibrillation) are avoided. We use a sternal splitting approach and I think Dr. Bailey 
will be intrigued by the opportunity this offers to operate on four valves at one sitting. 

(slide) In our experience the vast majority of stenotic aortic valves are calcified by 
the time they become symptomatic and are bicuspid due to fusion of the two anterior 
cusps. Barely have we seen the type so commonly pictured in pathology texts—those 
with an equal fusion of all three commissures. At the time of our first transaortic opera¬ 
tion the importance of avoiding a fracture through the heavily calcified anterior com¬ 
missures was not adequately appreciated and the patient died on the table from emboliza¬ 
tion of calcified particles. In 12 subsequent cases, fracture with the finger or breadknife 
valvulotome has been limited to the lateral commissures and extended along the aortic 
wall anteriorly and posteriorly on each side. By this means a double "trap-door” valve 
is created without risking embolization and without the production of insufficiency. The 
calcific bars are not broken into but mobilized as a tmit. 

The only additional death from a transaortic operation occurred in a woman with 
advanced coronary artery disease in addition to aortic stenosis. In this case, as in 
several others, the transaortic gradient has been entirely eliminated. As experience is 
gained with this procedure and its safety established, we will probably accept for opera¬ 
tion individuals in whom the gradient is above 30 or .rven 20 mm. Hg. AVe are going to 
have to accept patients earlier for aortic stenosis surgery in order to correct the lesion 
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liuforo cnicificntioii adds to llio risk and seriously intcrieics with tho restoration of con.- 
Iietent valvo function. To do so nndoul.tedly will dci.cnd on a ralinlilo method of nieasur- 
ing (ho traiisaortic gratlioat liofore operation. 

Bit. CONR-iVB Detroit, Xfieh.—I should like to show tho post-inorlem specimens 

of tho aortic valves of 3 patients which show what may happen when a dilator of the 
Bailey type is inserted ami opened. 

'<sUdc> This Ulustratea a tecimically succe.ssful aortic coimniMEirotoiny. Tho patient 
was near dcatli from aortic stenosis at the tiino of the operation aiul, iinfortunatclj, hud 
adhesive pericarditis irhich made .■some dissection necessary before tljo aortic root coubi 
be palpated. Tho heart was in standstill when the transventrieulnr operation was begun. 
iVfter the dilatation, the heart 'vas casily'^ resuscitated^ and tho patient lived for four 
days with a iiornEul blood pressure. Death resulted frjnn tho re.siduubs of cerebral anoxia. 

(slide) Following dilatation of the aortic valve in this patient, a piece of tissue 
uas found caught in tho hlatlcs of the dilator. It was feared that this represented one of 
the cusps, and as tho failing heart was nnissagud, a diastolic thrill indicative of marked 
aortic insufUciency could he felt. Tho post-mortem specimen showc<I that a piece of the 
valve had been removed. 

(slide) This valve uas dilated, hut because it was of the congenital typo, it did not 
tear or open up in a permanent fashion. Death resulted from n debiycd rupture of the 
left ventricle, apparently at the site of a laceration made by the guide wire as it was 
inadvertently forced against the oppo.site ventricular wall. A vnlvotomy of the Brock typo 
would have been indicated for this valve. Brobably it could liavo beer, accomplished with 
a cutting instrument such us the Bailey mitral guillotine. 

BJh BT£.£-f.l3f SlFjlA.V, Kaosvilh, Teutu —B'e would Uko to show a slide lehieh is 
now almost two years old. It was previously shown before this Association one year ago 
at Montreal in tho course of a i>aper ‘Tntracnrdiac Surgery with the Aid of ATtificiul 
Operative Tunnels.” When wo showed this .slide, we dofcribod both Anger fracture and 
instrumental incision of the aortic commissures. Wo believe this was the iirst time that 
this operative tccbnbpio in relation to the aortic valve had been described. 

Tho Arst patient was operated upon in June, 19.13, and was a patient upon whom 
Dr. Gerboilo had previously operated for mitral stenosis. When wo operated on (he 
first patient, we knew that Dr. Bailey had, two months earlier, already used tlio dilator 
method from above, through a pericardial pouch. 

The actual opening through tho fused aortic commissurea cither with the Anger or 
tho knife would seem to be the preferable nicthotl. This has boon grapliicnlly illustrated 
by Mcifillan of London w’itli niotiou pictures of the valve before nnJ after the use of the 
dilator, and before and after accurate incision with tho knife. 

(slide) This .slide illustrates our present preference, the guillotine knife, and also 
shows tho single channel operative tunnel presently used by us. It is fashioned in two 
layer.'*. There is an inner layer of plastic for ca.se of maneuver and an outer layer of 
cotton cloth to lend strength and particularly to aid in hemostasis at tho .sutiiro line. As 
to tho substance that is used for tho auricular njipendago sub‘»titiitc, that is a matter 
of personal preference. Wo have, at tho invitation of Dr. Bailey, been privileged to ob¬ 
serve his use of the pericardial pouch. In his hands this method is satisfactory. In our 
hands tho method is unnecessarily time consuming, diriiciilt, and not entirely dependable. 
Certainly there is no advantage to fashioning the operative tunnel, or pouch, from living 
tissue inasmuch as it is to bo discarded at the cud of the procedure. A pouch made of 
rubber or plastic alone is not satisfactory. Dangerous Icak.ago occurs at tho suture line. 
A fabric such as cotton cloth should be incorporated, at least at the lino of suture to the 
aorta. 

DR. I. At. AXADOPP, Boston, Atass.—Z am certain that tho techuiquo which Dr. 
•Swann has descrihed and Dr. Bailoy has so successfully carried forward will eventually 
prove to be an extremely useful procedure. However, with tho thought that some 
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versatility in the technical approach to the treatment of aortic stenosis might produce 
better over-all results, I would like to review briefly an approach in which we have been 
interested.^ This approach is derived from a study of freshly autopsied heart specimens 
and experiments on anesthetized dogs. As you know, the aortic valve lies in relationship 
to the left atrium and the right atrium posteriorly and laterally. By inserting the finger 
into the left atrium, as one does in operating for mitral stenosis, and invaginating the 
wall of the right atrium at the same time, one can manipulate and compress the aortic 
valve ring and indirectly change the contour of the valve leaflets. In some instances of 
aortic valvular stenosis, we have noted that, despite adequate dilatation of the stenotic 
valve by various instruments, the valve lumen remains the same even though the com¬ 
missures appear to be separated. However, by compressing the valve ring externally in 
this manner, the valve ring becomes more mobile and the size of the valve lumen in¬ 
creases. This maneuver will produce an increase in blood flow through the aortic valve 
area, not only by means of increasing mobility of the valve ring, but also by increasing 
the size of the valve lumen. 

(slide) This shows a typical aortic valvular stenosis with calcification. 

(slide) The finger is introduced into the left atrium, the right atrial appendage is 
inverted and you notice that the valve ring is compressed. 

(slide) At the completion of the maneuver this shows the dilated valve orifice to be 
much larger. 

(slide) Since one may potentially further narrow the valve lumen temporarily by 
compression of the valve ring this instrument, called a flowtome, has been designed. 
This permits blood flow through the aortic valve at least sufficient for coronary circulation 
while the compression maneuver is being accomplished. The instrument is introduced 
through the left atrium and its head is brought out through the aortic valve. 

(slide) This is the flowtome in situ prior to compression. 

(slide) This shows the compression maneuver with the flowtome in position and 
how it can permit continuous blood flow. 

(slide) At the completion of compression you will notice the significantly dilated 
aortic valve lumen. 

Some fifty heart specimens with aortic stenosis have been examined; in these, this 
procedure has produced effective aortic valve dilatation in 3 out of 4 cases. However, it 
can be accomplished without many of the recognized hazards of the other surgical 
approaches to this lesion. If the procedure is found to be not effective as determined by 
pressure gradients observed at operation, in a given case, one may proceed with one of 
the other available methods. 

DE. CHAELES P. BAILEY (Closing).—I want to thank the discussants and will 
try to answer their questions. I well remember previous discussions with Dr. Harken on 
the subject of aortic stenosis and possible suitable surgery. I am sorry he and Dr. Black 
did not choose to follow my lead until Dr. Swann followed it and reported corroboration. 

I know that abnormal auscultatory findings over the aorta are not necessarily 
indicative of physiologic abnormality but, on the other hand, they may be. I would like 
to show the first slide to clarify what I meant when I said there might be a difference 
between the differential in systolic pressures obtained between the aorta and the left 
ventricle, preoperatively, and those in the same ease obtained directly during operation. 
You see the marked reduction in the differential pressures, probably because of diminution 
in the cardiac stroke output, due perhaps to anesthesia, the open chest, and in part to 
blood loss. Also, after the obstruction of a mitral valve is opened in a case of combined 
aortic and mitral stenosis there might be difficulty in showing a significant gradient 
physiologically since the curves may be "damped” due to anesthesia or to the depression 
of surgery. By left and right combined heart catheterization usually one can tell if the 
aortic stenosis is significant preoperatively. I think it has become fairly evident by now 
that if one does not relieve coexisting aortic stenosis when a stenotic mitral valve is 
opened, he does the patient great disservice, because there is then obstruction of the 
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outflow vaho of tl»o loft \cntnolc l»«t no longer of tUo uitlow. TIjg liiitiout tUcreforo 
has esscntmll.N isolated aortic stenosis, 4\liich is a much more nmlignnnt disease than is 
the combination of the Ino stenotic lesionn I think, honever, it \>onld be good to lm\e 
evidence of n pressure difTcrenti »1 of at Ieu**t JO inm. before opening the aortic wall to 
palpate the aortic valve through aoino kind of i>ouch. 

Wo do nut agree that all aortic valves have hecomo htvnlvular when thuv are ealciflc 
We know that less than one half of tluMU arc bivalviilar when they arc calciho, and wo 
think that at least 00 per tent of aortic vahea operated upon for sttiiosis are calcillc at 
the tune of surgerj. 

Br. Lam showed rather heautifullv iii u few rases how transventriciilar aortic 
dilatation can help the valve, and in one how a tcchuieul cuinpluation can produce in* 
siilliciCTicy and cause death of the patient. 

(slide) This slide indicites wh^ we gave up the transventriciilar route to the aortic 
valve and, of course, the inadvertent crentum of regurgitation was one of the reasons. 
This is i blind, purely instrumental, operation. Since apparent)} a huger is necessar} for 
live accurate splitting of the vomuussures, the supravaKular approach certaml} is prefer* 
able. 

Dr. bwann ovidcntl} used the giuliotuie knife before we did, although 1 am sure we 
had split the valve digitallv as well as diluted it with an instrument prior to tliat time 
The suggestion that a pouch might be used to enter the aortic lumen had been made 1>> 
Dr, \\ilium Cilcnn prior to the tune we umU it. lie aituill) usid it in expi rimcntal animils 

(slide) Tins slide shows the cause of death lu in patients operated on bv tho triins 
ventricular route. I think >qu cuu see that most of these deaths are related to going 
through tho vcntnelc which nuj be ver.v soft, so that there mu> be untontroJIablo hemor 
rliuge, and ver> irritable ho that there mu> bo ventricular flbnUaliou or cardiac arrest. 
Either of these rlothimc changes sometimes iiia} bo related to tho inadvertent creation 
of aortic lusuiUclcac}. 

Dr. Midoff’s operation is ver} interesting .iiid, of t<nir'*i, might prove m somy uiaes 
to be a verj great help. 



i\'IANAGEMBNT OF THE POSTRESECTION SPACE IN TUBERCULOSIS 

II. Following Lobectomy 

John W. Bell, M.D. 

SUNMOUNT, N. Y. 

T he propensity with which tuberculosis affects the lung apex, Avhether 
postural, biochemical, or inherent, has directed the efforts of resection surgery 
primarily toward the upper lobes. Thus, upper lobectomy has become a relatively 
common operation in the repertory of the thoracic surgeon. In patients without 
evidence of endobronchial disease or resistant tubercle bacilli, lobectomy was 
proved to be a safe and often curative procedure. Current reports.^'® including 
our own experience with segmental and subsegmental excision, indicate a 
definitely higher nontubereulous morbidity than is found with lobectomy. 

We shall not discuss the indications for lobectomy, nor the relative function- 
sparing advantage of saving the right anterior segment or lingula on the left. 
Rather, we are concerned with the problem of a neutral or positive pressure 
postlobeetomy space and the success of right middle and lower lobe remnants in 
filling the hemithorax. 

The elimination of residual intrathoraeie space is not entirely accomplished 
by expansion of adjacent parenchyma. Relative shifting of the superior medi¬ 
astinum (Fig. 1), narrowing of the upper interspaces, and a temporary rise in 
the hemidiaphragm, all serve to reduce the volume requirement of the upper 
chest. Moreover, the resumption of space relationships by middle and lower 
lobes is not always an acute process. Upper lobes, harboring enough tuberculosis 
to require their complete excision, vary widely in size. At operation, one may 
encounter a range from normal volume to a tiny shrunken paramediastinal wedge 
occupying one-eighth or less of the hemithorax (Fig. 2). As the upper lobe 
progressively contracts, even with chest wall and mediastinal compensation, some 
expansion of middle and lower lobe tissue takes place. Commonly, the right 
middle lobe or lingula, and the superior segment of the lower lobe, are the units 
contributing most to this volume readjustment. 

Turning from the mechanical considerations, the physiological adjustment, 
subsequent to lobectomy, may also be minimal. This, in part, is due to the fact 
that essentially functionless tissue is removed. In the diseased area, although 
ventilation is reduced less than circulation and oxygen uptake, the net change 
reflected in pulmonary function studies after full recovery may differ little from 
preoperative values.^"® 

Prom the Veterans Administration Hospital, Sunmount, N. Y. 

Received for publication March 21, 1955. 
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MATtllUL 

During the five-year period, Jaii. 1, 1950, to Dee. 31, 1954, 135 lobectomies 
were performed at the Veterans Administration Hospital, Sumnount, N. Y. 
(Table I)- A review of this material discloses 30 cases (22 per cent) of post- 
lohectomy space retiuiring clinical recognition, and, in most instances, supplemen¬ 
tary treatment. We have included in this group cases in which superior seg¬ 
mental resection or wedges from middle or lower lobes was accomplished con¬ 
currently with the upper iofaeetomy. Suiicrior division re.sectioii on the left, 
although the counterpart of a right nj)per lobectomy, was not included in this 
sei'ies. 



Combineil fapiciil and 4th neek 1 
bas.al pneumothorax) 3 


Apical intrapleural 
sjraee communicating 
uifh sub-^capuiar 
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The addition of segmental or subscgmcntal c.xoision to lobectomy introduces 
the faetors of complications incident to this tj'pe of operation. Tlio occurrence 
of postoperative air leaks may parallel the number of hogmeiital stumps and 
absolute amount of raw lung surface remaining after sucli parencliymal Imrn- 
storming. 

Segments or subsegments from the lower lobe also inlluenee the location of 
tlie postresection space (Tal)le I). Air Icalcs from these areas are prone to result 
in lateral or supradiapliragmatio pncumothoraccs. All basal spaces in our group 
occurred in cases where segmental or multiple subsegmental exeision was added 
to the upper lobectomy. 

The lobes removed in this sei'ies represent a variety of moderately and far- 
advanced tuberculosis, with a cavitary area existing or suspected in the majority. 
The sputum was almost equally divided between the positive and negative states. 
As with segmental I’csections, the preoperatir’c disease state was not found to bo 
related to the frequency of postresection nontubereulous complications. 

01‘EIIATIVE MANAOK.MEUT 

jVntioipation of a space problem begins at the operating table. An upper 
lobe of subnormal volume simplifies the problem, as compensation has already 
begun in adjacent lobes. The physical appearance of the remaining lung is most 
important. Slow inllation, trapping, or delayed emptying, or any aberrations in 
ventilation, may foretell difiioultics in po.stopcrativo expansion. The extent of 
distribution of residual disease is significant. Fine seeding throughout the 
parenchyma, stellate areas of fibrosis, with surrounding patchy areas of obstruc¬ 
tive emphysema, complicate re-expansion. 

Initially, we felt great trepidation in expecting prompt re-expansion of 
lower lobes containing moderate amounts of residual disease. These were cases 
in which so-called compromise resection surgeiy was carried out. The cavity¬ 
bearing upper lobe, with adjacent nodular disease, might represent GO to 70 per 
cent of the total disease in that lung. The presence of contralateral disease, 
and other considerations, made retention of the lower lobe or basilar segments 
almost a necessity if resection was at all feasible. We were most pleased to 
observe prompt expansion and occupation of almost tlie entire hemithorax by 
lower lobes or basilar segments alone which contained various amounts of nodular 
disease (Pig. 3). 

Following the surgeon’s estimate of predictable space filling, several 
measures ai-e available to aid this readjustment. These measures may be divided 
into two groups; those accomplished within the chest and those applied to the 
chest wall. Several thoracic surgeons, following the suggestions of Blades, as an 
adjunct in the Blalock operation, divide the inferior pulmonary ligament to allow 
ascent of the hilum. This appears to be a useful addition, particularly after- 
left upper lobectomy, but it is doubtful that it is routinely necessary. Any 
effort to paralyze the hemidiaphragm temporarily is mentioned only to be 
deplored. One of the main problems in the postoperative period is the proper- 
raising of secretions. Paradox of this muscle not only interferes with ventilation, 
but robs the dependent lower- lobe of the pistonlike action which is vital for an 
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effective cough, mechanism. Far better, from the physiologic standpoint, is the 
institution of a pneumoperitoneum postoperativcly, when it is desired to raise 
the level of the diaphragm. 

The creation of a so-called apical pleural tent, as described by Miscall,^® is 
a valuable adjunct. The fashioning of a satisfactory tent, of course, depends 
upon the integrity of the parietal pleura. Any entry into the extrapleural plane, 
during mobilization of the upper lobe, maj’- make such a tent impossible. In 
addition, a rent in the extrapleural or subcostal tissues mitigates against con¬ 
comitant freeing of the subcostal or extraperiosteal tissues, or against aii}^ 
variation of thoracoplasty. Such openings, even when sutured, may open during 
the stress of local paradox, allowing the intrapleural and subseapular spaces 
free communication. In the event of a subsequent bronchopleural fistula, with 
pleural infection, this sepsis, either pyogenic or tuberculous, may involve the 
subseapular tissues. 



Fig. 3.—-I, Preoperation. B, 6 days postoperati\ e, left upper lobe and superior segment, 

left lower lobe. 


An apical pleural tent may aid in pleuralizing and thus sealing raw lung 
surfaces of the middle or lower lobes. This same advantage may be secured by 
mobilization of the subcostal tissues as used by Chamberlain and associates,^ 
without removing or altering the adjacent ribs. In this situation, some surgeons 
have introduced a small plombage into the subcostal space. Our experience with 
4 cases of concomitant plombage have been unifoimly poor. Each patient became 
infected, and required subsequent removal and completion of thoracoplasty. In 
view of the 25 per cent incidence of tuberculous infection, reported by Gibbons, 
Desforges, and Strieder,** in formal plombage with presumably intact extra- 
periosteal tissues, we believe the insertion of a concomitant foreign body at the 
time of resection is unwise.^- 
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Vaiious mollifications ot conventional tlioi neoplasty aie in cm lent use 
Steele and coivoikeis^ liato dcsciibed the division o£ the iippei ribs into slioit 
segments without lemoial as an aid to icduce parados BjoiU s'" description 
of a concomitant osteojilastic tlioiacoplasty may be a most valuable pioccduie 
when a simultaneous maiieuvci is iiccessaij to lediicc intrathoiacic space 

Oiii modifications and indications toi the pie- and postieseetion tlioiaco- 
idast} and the plouial tent, cac'li toiiipiisintf a gioiip of appiosiniatelv 2 j cases, 
will be discussed in the nest and last studj on the inaiiagcmcnt of the post- 
lesectioii space in tiibciciilosis 

ral VTVIENT 

Assniiiing tint no type of coneoinilant pioccduie was earned out with the 
icsection, the ticatmeiit of a postopeiative piieiimothoras is contingent upon the 
dogico of an leak, U anv, conti ibiiting to the space 

The majoiity ot space pioblems may be divided into two gioiips In the 
fust aie apical and posteiolateial caps, which on single oi multiple aspiiatioiis 
denioiistiato a iieutial oi slightly negative picssine lelationsliip Patients m 
this categoiy usuallv have no ovcit symptoms of a fistula, le, absence of 
iriitatue cough, streaking, oi Icvei AIoicovci, the suigeon may, as a lesult ot 
palpation oi the lichavioi of the lung duiing opeiation, have leasoii to anticipate 
delay in le espaiision of the paienchvma detention of secielioiis oi excessive 
ail lealcs iii a niodoratoly emphysematous lung, dining the postopeiative period, 
oontubuto to faiUiio of space occupation If unassociated with a hemothorax, 
such a space may not iciiuiic any definitive tieatmeiit Seiial films may disclose 
an evei dccicasmg an cap One may expect giadual expansion of the remaniing 
lung and the eventual compensation of supcrioi mediastinum, uppei mteispaces, 
and diapliiagm, to leduco the hemithorax and eliminate any' residual pneumo 
thoiax (Pig 4) Uncertainly as to the presence oi absence of a bionchial com¬ 
munication, if not icsolved with niaiiomctry, may frcciueiitly' be elaiified by 
bionchography '* 

Apical Iteinatomas of any inagnitudo (two oi moic mteispaces) aie best 
evacuated by secoiidaiy tlioiacotomy At this time, a eonconutaiit chest wall 
pioeeduie may be added to icducc the actual or iiotentially infected space 
Otlioi than the small, so called iim licniothorax, which may uiideigo spontaneous 
icsolutioii, we have not been successful even witli the assiduous use of enaymos 
m evacuating sueli collections of blood thiough a needle Occasionally, with the 
use of an intoicostal cathctei, cltaiiiig of the space lias been accomplished now- 
cvei, an appieciable collection of clotted blood at tlie apex, witli possible intei- 
imttent fistubzation, is iipe foi sccondaiy or piimaiy tubeieulous infection 
Siioli an apical ompj'enia may be anticipated in some cases and suigically 
pi evented 

The picsiiice of a positive tension space in the postoperative peiiod icijuires 
iinincdiatc tiiatineiit Usually such a pneuniothoiax is manifest shortly after 
lomoval ot tlic prnnaiy' tlioiaiotomv tubes An \ lay at this time may show 
a so called blowing up of the uppei hennthoiax with concave depression of the 
lowei lung and shifting of the supeiior mediastinum to the contialateral side 



Fig-. 4.— A, Preoperation. B, Postoperative, left upper lobe, showing left apical space. 
C, Persistent left pneumothorax 3 months postoperative. No treatment, no fistula demon¬ 
strated. D, Two and one-half years postoperative. Marked compensatory shifting of superior 
mediastinum. 
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Tlie surgeon may now elect the following alternatives of treatment. Prompt 
intubation of the space will relieve any symptoms associated with the local 
tension pneumothorax. Closure of an underlying fistula of any magnitude 
usually will not occur, however, with tube drainage alone. The necessity of a 
space obliterating procedure for the inevitable empyema, in addition to tlie 
possibility of closing tlie fistula, may make the postresection thoracoplasty a 
logical step. Since aeeurutc intubation of a subthoracoplasty space is difficult, 
prior insertion of a tube is of value. The. tube may be maintained postoperatively 
until there is evidence of fistula closure. 

Observation has shown that the presence of an intercostal catheter after 
approximately one week, even with constant antibiotic coverage, is nearly always 
associated with secondary infection. The occurrence of a postlobcotomy fistula 
may then present the surgeon with the contraiy treatment alternative, that of 
secondary thoracotomy and attempted revision of the bronchial stump. Since 
this procedure is much safer when risk of infection is minimal, prior intubation 
may be omitted. 

If direct surgical closure of the fistula is successful, adjacent parenchyma 
may rc-e.xpand and cure is accomplished. 'V'et even in the absence of a positive 
space, the remaining lung may be incapable of occupying this area. Anticipation 
of this problem may lead the surgeon to perform a concomitant thoracoplasty at 
the time of secondary thoracotomy. Otherwise, chest wall surgery may be 
required as a third operation. 

RESULTS 

Review of treatment employed in this group (Table II) discloses that one- 
third of the patients were managed by intrapleural catheter drainage. These 
cases represented small transient bronchopleural fistulas, which closed after one 
to two weclts of underwater suction. The aijical spaces in 2 itatients required 
prolonged drainage up to live weeks, and were in each instance complicated by 
penicillin-resistant hemolytic Staphylococcus aureus infection. The fistulas closed 
satisfactorily; however, since tubercle bacilli were not recoyered from the space, 
thoracoplasty was not added. 

Pneumoperitoneum, with or without intubation of the chest, was used in 4 
instances. This combination is ttseful, chiefly for the supradiaphragmatic sitace 
so prone to occur when superior segmental excision or multiple wedging of the 
lower lobe is added to the upper lobectomy. 

Our employment of a concomitant thoracoplasty was limited to 2 cases. 
The first was actually a modified plombage, with the ribs retained and Gelfoam 
placed in the subcostal space. The subsequent development of an upper lobe 
stump fistula, which communicated with and infected the subcostal and sub- 
seapular spaces, led to removal of the ribs and appropriate drainage. The second 
case had no complications. 

Our indications for postresection thoracoplasty in this group were the per¬ 
sistence of a large apical space, with or without an associated fistula, or the 
demonstration of a positive culture for tubercle bacilli from this space. The 
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thoracoplasty as used in this manner was satisfactory in aiding fistula closure, 
although results were generally better when the thoracoplasty was done over an 
intrapleural tube which was gradually withdrawn as the fistula healed. 

The results of space treatment are noted as cured or satisfactory in 21 
patients. The unsatisfactory cases were largely due to the injudicious and 
prolonged use of catheter drainage alone, when the addition of a small apical 
thoracoplasty might have hastened or improved the end results. 

The current status of tuberculosis in each patient with a postoperative 
pneumothorax is summarized (Table II). 


Table II. Treatment or Space Problems Following Lobectomy (30 Cases) 


TREATMENT 

DURATION 
OE INTER¬ 
COSTAL 
DRAINAGE 

INFECTION 
( 1‘REDOMINANT 
ORGANISM) 

RESULTS OF 
SPACE TREAT¬ 
MENT 

STATUS OF 
TUBERCLE 
BACILLI (N.T.A.) 

No treatment 

7 

1 week 7 

Hemolytic 2 

Cured 12 

inactive 23 




Staphylococcus 






aureus 



Tkoxacentesia 

3 

2 weeks 3 



Active 3 

Intercostal 

10 

4 weeks 1 

Tubercle bacilli 2 

Satisfactory 9 

Negative (In 

catheter 





hospital) 1 



5 weeks 1 




Intercostal 

2 


Mixed 1 

Unsatisfactory 9 

Deceased 2 

catheter with 


(3 weeks 1 

(staphylococcus 


(1 tuberculous; 

pneumoperito- 



and tubercle 


1 nontuber- 

neum 



bacilli) 


culous) 

Pneumoperitoneum 

2 




No follow-up 1 

Concomitant 

2 





thoracoplasty 






Postresection 

4 





thoracoplasty 







COMMENT 

A local postresection tension pneumothorax requires prompt clinical recogni¬ 
tion. This situation, with the implication of a frank bronchial stump fistula, 
may be a surgical emergency equivalent to a nonsurgical spontaneous tension 
pneumothorax. Even very small or intermittent fistulization in the tuberculous 
patient may lead to an eventual pyogenic or tuberculous empyema in a persistent 
intrathoraeic space. 

Surgical decompression may follow two electives: multiple needle, or, if 
positive pressure is apparent, closed thoracotomy intubation of the space. This 
expedient will eliminate the symptoms of tension. Although open thoracotomy is 
theoretically always possible even after intubation, the chances of success in 
fistula closure and local debridement of the space diminish greatly as intubation 
is prolonged. 

Following the diagnosis of a postresection space, if the .surgeon has had 
good experience Avith fistula revision, suspects the local anatomy of the leak, 
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and can adcquatclj' deal ^^lth the space—then this may be his golden moment lor 
peiloiming sccoiuUij open thoiacotomy 

If these consideiations do not appli, and tlosed dunnage lias been caiiitd 
out, an electee posticscction thoiaeoplasty may be the onl> usotul altcinatuo 

bUsiM viiy 

An analjsis is piescntcd ol dO cases ol postlobcetoinj spate, otcuiung in a 
seiics of 135 lobtctomies foi lubeiculosis Significant fattois in the genesns oi 
this complication aie discussed Mcasuies tot both piophjlaMS and postopeiativc 
inanagemeiit ot the postitstctiou apical pneiiinothoiav aic suggested 
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LUNG COMPARTMENT DETERMINATION 

John C. Kovach, M.D.,* Victor Avedian, M.D.,** George Morales, M.D.,*** 

AND Peter Potjlos, M.D.**** 

New York, N. Y, 

W ITH the rapid gro^vth of cardiopulmonary surgery there has arisen a 
great need for a method of determining just what is the true normal value 
of such factors as the cardiac index, total lung volume, residual capacity, vital 
capacity, maximum breathing ability, oxygen consumption and removal, etc. 

The present methods of predicting the normal values of these function 
studies for any specific patient are based upon his body surface area, or are 
assumed to be some average value which has been determined upon a series 
of healthy subjects. It is hardly necessary to point out that body surface area 
is a very variable factor in itself, since it depends on the fat mass as well as 
weight and height. On the other hand, if one uses an “average value” as a 
predicted value for a specific patient that too is equally variable. 

METHOD 

The total lung capacity can be calculated from a single inspiratory postero- 
anterior chest film. 

We had a series of clinically normal standing subjects inspire maximally 
from a recording spirometer and at the point of maximal inspiration an x-ray 
(posteroanterior) picture was taken. This was then immediately repeated in 
full expiration, after which it was done in the lateral plane at fuU inspiration 
and expiration while breathing into the spirometer. These last films were soon 
^ found to be unnecessary. 

Residual air determinations were carried out after the roentgenology with 
consideration of the resting and fasting state. Our modification of the Cournand 
open-circuit method was used.^ 


calculations 

The whole thoracic cage is treated mathematically as a paraboloid of 
revolution mth the vertex at the center of a horizontal line Joining the highest 
points of the inner borders of the first ribs and “base” on the horizontal line 
Joining the attachment of the diaphragm to the ribs in the midaxiUary lines 
(Pigs. 1 and 2). 
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V =: 


II abi 


(Hof. 2) 


Where V =: \oluino of piirjiboloid of revolution of engo in uiilliUtors. 
a — distance from rcrtc.\' to baee in ccntinieters. 
b = length of oiie-lialf “base” in centimeters. 

To obtain the total lung all- capacity one must subtract from this the 
volumes of the “diaphragmatic dome" above the “base line,” the heart, the 
superior mediastinum and adjacent vertebral bodies, the posterior mediastinum 
and its adjacent vertebral bodies together with the lung parenchymal and 
blood volume. 

The “diaphragmatic dome” is treated as tlio sum of two half segments 
of a sphere to allow for dilfercnces in the volumes of the right and left leaves 
(Pigs. 1 and 3). 


y _ JI b: (3b - h) 
0 


(Hof. 3) 


■\Yhcrc V == volume in nullilitera of onc'lmU segment of sphere, 
b = length in centimeters of <‘one-hal£ basc.^^ 

U height of top of diaphragmatic leaf from base Hno in ccntimolers. 

This is calculated for each diaphragmatic leaf and the two added togctlier 
to give the volume of the total diaphragmatic correction. 

The heart is considered to be a paraboloid of revolution with vertex at 
the center of the base of the lieart as soon “radiologically" where the heart 
borders become eonfluent with tiie superior mediastinum, usually at the upper 
border of the seventh rib posteriorly, or the lower Ijorder of the third rib 
anteriorly, and “base" on a horizontal line at the diaphragmatic surface of 
the heart (where the dome of the left leaf of the diaphragm and tlie inferior 
border of the heart merge) (Figs. 1 and 3). 

The general formula for a paraboloid of revolution becomes: 

V — a, f h " 


AVhere V = volumo of heart in nnllilitcrs. 

a, = vertical distance from base of heart to level of diaphragmatic dome in 
centimeters. 

ti = distance from midline to right border in centimeters, 
tj = distance from midline to loft border of heart in centimeters. 


Tile superior mediastinum and adjacent vertebral bodies are treated as one 
unit mathematically. Since this is part and parcel of the original thoracic 
cage paraboloid of revolution, one may visualize it as a parabolic surface iu 
cross section which when multiplied by the width “w" of the superior medias¬ 
tinum will give its volume in milliliters. The base of this parabola is equal 
to tlie distance in centimeters from the midline, at the level of the upper border 
of the heart, laterally to the inside of tlie thoracic cage in the mida.villary line 
labeled b, on Figs. 1 and 2. 
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The general formula for the area of a section of a parabola is 


A = -3-a.b, 


(HuL i; 


Where A = area ia square centimeters o£ parabolic surface. 

a, = distance in centimeters from thoracic cage vertex to upper border of lieart. 

b, = distance from mid-poiut of upiicr border of heart mea.sured horizontally 

laterally to inside of riba. 


Where V = volume ia milliliters of superior mediastinum and adjacent vertebral 
bodies. 

A = area of parabolic cross section in stiuare ceutinietera. 
w = width of superior niediastiunni in centimeters. 



The volume of the vertebral bodies adjacent to the posterior mediastinum 
(which actually is the volume of the remaining vertebral bodies in the ‘‘thor’acie 
cage”) is obtained by multiplying their width by the length and depth of 
this column. The width is taken as equal to that of the superior mediastinum. 
The length is the distance from the upper border of the heart to the “base” of 
the thoracic cage (a - aj (Figs. 2 and 3) while the depth d is the distance 
from the anterior surface of the lower thoracic vertebral bodies to the inner 
svirface of the angles of the ribs at the same level (Pig. 4). One may assume 
the depth to be 6.1 cm. since there is very little variation in this figure. AVith 
this assumption, a lateral film is unnecessary. 

In correcting for the volume of the lung parenchyma and its contained 
blood, our pathology department has found this to vary from 685 ml. to 1,087 
ml. AVe classify the lung volumes into Groups 1 to 5, respectively, 700, 800, 
900, 1,000, and 1,100 ml. An average volume is 900 ml. Prom the x-ray film, 
one decides to which group the patient belongs and adds 100 ml. to this volume 
because the x-ray is taken at full inspiration when the output of the right 
ventricle temporarily is approximately 26 c.c. more than the left per beat so 
that the in vivo volume is appro.ximately 200 c.c. more than the full expiratory 
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The general formula for the area of a section of a parabola is: 


A = i- a, b, (Ucf. -1) 

3 

Where A area in square centimeters of parabolic surface. 

a, = distance in centimeters from thoracic cage vertex to upper border of lieiirt. 

b, = distance from mid-point of upper border of lieart measured liorieontally 

laterally to insUe of ribs. 


Now V = A • \v. 

AVhere V == volume in milliliters of superior mediastinum 


and adjacent vertebral 


bodies. 

A = area of parabolic ciosa section in square centimeters. 
\v = width of superior luediasliiium in centimeters. 



The volume of the vertebral bodies adjacent to the posterior mediastinum 
(which actually is the volume of the remaining vertebral bodies in the “thoracic 
cage”) is obtained by multiplying their width by the length and depth of 
this column. The width is taken as equal to that of the superior mediastinum. 
The length is the distance from the upper border of the heart to the “base” of 
the thoracic cage (a - Uj) (Figs. 2 and 3) while the depth d is the distance 
from the anterior surface of the lower thoracic vertebral bodies to the inner 
surface of the angles of the ribs at the same level (Fig. -1). One may assume 
the depth to be 6.1 cm. since there is very little variation in this figure. With 
this assumption, a lateral film is unnecessary. 

In correcting for the volume of the luug parenchyma and its contained 
blood, our pathology department has found this to vary from 685 ml. to 1,087 
ml. AVe classify the lung volumes into Groups 1 to 5, respectively, 700, 800, 
900, 1,000, and 1,100 ml. An average volume is 900 ml. From the x-ray film, 
one decides to which group the patient belongs and adds 100 ml. to this volume 
because the x-ray is taken at full inspiration when the output of the right 
ventricle temporarily is approximately 26 c.e. more than the left per beat so 
that the in vivo volume is approximately 200 e.c. more than the full expiratory 
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or cadaveric volume, Avhich would occur about 8 beats later. There is indirect 
experimental confirmation of this rea.soning.® It has also been shown by an 
entirely different method that the volume of the blood contained in the pulmonary 
vessels, left heart, aorta, and certain large systemic aileries (common and 
external iliac) is 1,160 ± 246 ml.® 


Table I 


PATIEKT 

AGE AND SEX 

VITAL 

CAPACITY 

KESIDUAL 

CAPACITY 

(IIILLI- 

LITEKS) 

EXPEiil- 

JIE.NTAL 

TOTAL 

CAPACTl'Y 

(MILLI- 

UTEIIS; 

calculated 

TOTAL 

CAPACITY 

(AtlLLI- 

LITEILS; 

DIFPEK- 

ENCB 

(JIILLI- 

LITEB.S; 

PEIt CENT 
DiKrais- 
ENCE 

W. I. 

41 

F 

4010 

1935 

5951 

5928 

- 23 

0.39 

G. A. 

33 

it 

4740 

940 

5080 

5720 

+ 40 

0.75 

G. J. 

40 

it 

5300 

3320 

8020 

8.557 

- 63 

0.7.3 

H. E. 

25 

it 

4107 

1986 

6093 

0160 

+ 07 

1.07 

C. J. 

51 

it 

3510 

2314 

5825 

5883 

■f tj8 

0.97 

K. G. 

19 

it 

3008 

1.394 

5062 

5038 

- 24 

0.47 

il. J. 

41 

it 

4784 

1097 

6480 

6400 

- 80 

1.18 

C. iL 

27 

it 

5276 

1237 

0513 

6557 

+ 44 

0.07 

il.W. 

30 

it 

5480 

1685 

7105 

7170 

- 5 

0.08 

Xj. 

31 

it 

6798 

2134 

8932 

9030 

+ 98 

1.08 

W. P. 

47 

F 

1840 

1028 

2868 

2888 

+ 58 

0.50 

P. s. 

28 

it 

3970 

2278 

0248 

0221 

- 27 

0.4.3 

B. H. 

20 

it 

5000 

1397 

0397 

6409 

+ 12 

0.05 

W. alU 

28 

it 

5050 

1030 

7280 

7404 

+124 

1.70 

G, H. 

34 

it 

4900 

1152 

6052 

6090 

+ 38 

0.03 

J. H, 

34 

F 

2890 

871 

3761 

3700 

- 05 

0.01 

C. J, 

15 

it 

4620 

775 

5395 

5314 

- 89 

1.60 

S. J. 

27 

it 

3950 

1115 

5065 

5121 

+ 50 

1.10 

B. T, 

30 

it 

3840 

1705 

5545 

5623 

+ 78 

0.71 

if. B, 

34 

it 

4150 

910 

5060 

5070 

+ 10 

0.05 

J. J. 

24 

it 

3240 

734 

3974 

3910 

- 04 

1.61 

D, C. 

23 

it 

5180 

1110 

0290 

0.340 

+ 50 

0.79 


Table H 


! 


DIAPHRAGM 

1 SUPEKIOK 

INFEUIOK 

LUNG AND 


PATIENT 1 

CAGE 

KICIIT 1 

LErr 

1 MEDIA.STINUAI 

1IEDIA.STINL'.M 

BLOOD 

HEART 

W. I. 

10880 

1160 

571 

700 

480 

1000 

1051 

G. A. 

12760 

636 

030 

1350 

690 

1100 

1300 

G. .1. 

14860 

1475 

764 

1005 

797 

1100 

905 

H. B. 

10860 

490 

496 

1045 

580 

1100 

980 

C. J. 

9250 

.340 

.340 

095 

495 

900 

600 

K. G, 

9300 

785 

785 

062 

500 

900 

030 

il. J. 

11450 

2205 

900 

504 

607 

900 

775 

C. il. 

11720 

1121 

520 

779 

5.30 

1100 

111.3 

if. iV. 

12600 

1275 

797 

714 

OOD 

1200 

888 

L. A. 

1.5180 

1035 

923 

900 

697 

1200 

1395 

W. F. 

6120 

548 

112 

465 

375 

900 

821 

P. S. 

10300 

608 

410 

870 r 40.3 

1000 

881 

B. H. 

10550 

75-1 

544 

806 

458 

900 

079 

W. A. 

13330 

1437 

579 

975 

590 

1200 

1145 

G. n. 

10420 

814 

468 

732 

472 

1200 

047 

J. H. 

5770 

58 

58 

560 

190 

800 

332 

C. J. 

9700 

884 

652 

575 

445 

900 

930 

S. J. 

11100 

975 

975 

621 

420 

1000 

1040 

B. T. 

10720 

870 

535 

1022 

655 

1100 

915 

it. B. 

9450 

755 

755 

550 

405 

900 

880 

J. J. 

7280 

700 

.300 

544 

200 

800 

700 

D. C. 

11570 

800 

577 

1040 

595 

1100 

1120 
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BESUIiTS 

Tlio difference between the experimentally observed and ealonlatcd values 
for the total hiiig capacity was 0,75 per cent over a range or 0.01 per cent to 
1.70 per cent in 22 subjects. 

Table I is a sunnnary of tbe results. Table II gives a sinnmary of the 
components of the calculations used in their derivation, 

DISCUSSION 

Tliese results show how acciu'atcly the total lung capacity can be calculated 
from the single posferoaiiterior film. 

On our surgical service where all patients are studied in our cardio¬ 
pulmonary laboratory we repeatedly found that the available predicted normal 
range was too wide to give us a proper estimate of a patient’s deviation from 
his own normal. Our cardiac cases with grossly increased residual volume 
(unless they had very large hearts) and diminished vital capacity were espe¬ 
cially hard to evaluate. 

This method is applicable to all forms of cbest pathology. We are now 
using it in our daily work. 

.SUJIJI.VBY 

The vital capacity was determined on a recording spirometer. An x-ray 
film (posteroantorior) at full inspiration was taken simultaneously. The 
residual capacity was tlien determined. Clinically normal subjects wore used 
throughout. 

The total lung capacity was calculated by the method outlined from a 
single posteroanterior x-ray film in full in-spiration. 

There was an average difference of 0.7 per cent between the experimentally 
observed and the calculated total lung capacity. 

The range of this differciice was from 0.01 to 1,75 per cent. 
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or cadaveric volume, which would occur about 8 beats later. There is indirect 
experimental confirmation of this reasoning.® It has also been shown by an 
entirely different method that the volume of the blood contained in the pulmonary 
vessels, left heart, aorta, and certain large systemic arteries (common and 
external iliac) is 1,160 ± 246 ml.® 


Table' I 


PATIENT 

AGE AND Sex 

vital 

CAPACITY 

RESIDUAL 

CAPACITY 

(MILLI¬ 

LITERS) 

experi¬ 

mental 

TOTAL 

capacity 

(MILLI¬ 

LITERS) 

CALCULATED 

TOTAL 

CAPACITY 

(MILLI¬ 

LITERS) 

DIFFER¬ 

ENCE 

(milli¬ 

liters) 

PER CENT 

DIFFER¬ 

ENCE 

W. I. 

41 

F 



5951 

5928 

- 23 

0.39 

G. A. 

33 

M 

4740 

940 

5680 

5720 

+ 40 

0.75 

G. J. 

40 

M 

5300 

3320 

8620 

8557 

- 63 

0.73 

H. E. 

25 

M 

4107 

1986 

6093 

6160 

+ 67 

1.07 

C. J. 

51 

M 

3510 

2314 

5825 

5883 

+ 58 

0.97 

K. G. 

19 

M 

3668 

1394 

5062 

5038 

- 24 

0.47 

M. J. 

41 

M 

4784 

1697 

6480 

6400 

- 80 

1.18 

G. M. 

27 

M 

5276 

1237 

6513 

6557 

-I 44 

0.67 

M.W. 

30 

M 

5480 

1685 

7165 

7170 

- 5 

0.08 

L. A. 

31 

M 

6798 

2134 

8932 

9030 

-t- 98 

1.08 

^Y. F. 

47 

F 

1840 

1028 

2868 

2888 

+ 58 

0.50 

P. S. 

28 

M 

3970 

2278 

0248 

6221 

- 27 

0.43 

E. H. 

26 

M 

5000 

1397 

0397 

6409 

+ 12 

0.05 

W. A. 

28 

M 

5650 

1630 

7280 

7404 

■t-124 

1.70 

G. H. 

34 

M 

4900 

1152 

6052 

6090 

38 

0.63 

J. H. 

34 

F 

2890 

871 

3761 

3766 

- 05 

0.01 

C. J. 

15 

M 

4620 

775 

5395 

5314 

- 89 

1.60 

S. J. 

27 

M 

3950 

1115 

5065 

5121 

+ 56 

1.10 

B. T. 

36 

M 

3840 

1705 

0540 

5623 

+ 78 

0.71 

M. E. 

34 

M 

4150 

910 

5060 

5070 

+ 10 

0.05 

J. J. 

24 

M 

3240 

734 

3974 

3910 

- 64 

1.61 

D. C. 

23 

M 

5180 

1110 

6290 

6340 

+ 50 

0.79 


Table II 


PATIENT 

CAGE 

DIAPHRAGM 
RIGHT [ LEFT 

SUPERIOR 

mediastinum 

inferior 

MEDIASTINUM 

LUNG AND 
BLOOD 

HEART 

W. I. 



571 



1000 

1051 

G. A. 


636 

630 


696 

1100 

1300 

G. J. 


1475 

764 



1100 

965 

H. E. 


496 

496 


586 

1100 

980 

C. J. 



340 

695 

495 

900 

600 

K. G. 


785 


662 


900 

630 

M. J. 

11450 

2205 


504 

667 

900 

775 

C. M. 


1121 


779 


1100 

1113 

11. W. 


1275 

797 

714 

555 

1200 

888 

L. A. 





697 

1200 

1395 

W. F. 

6120 

548 

112 


375 

900 

821 

P. S. 


608 


876 

' 403 

1000 

881 

E. H. 


754 

544 



900 

679 

W. A. 


1437 

579 

975 


1200 

1145 

G. H. 

10420 

814 

468 

732 

472 

1200 


J. H. 


58 

58 


196 

800 

332 

C. J. 


884 

652 

575 

. 445 

900 

930 

S. J. 


975 

975 

621 


1000 

1040 

B. T. 



535 


655 

1100 

915 

M. E. 


755 

755 



900 

880 

J. J. 

7280 



544 


800 

700 

D. C. 



577 


595 

1100 

1120 
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ncSULTS 

The diffcionoe between the expeiiincntallj observed and calculated values 
for the total lung eapacdy uas 0 75 pei cent o\cr a lange or 0 01 per cent to 
1 70 per cent ui 22 subjects 

Table I is a suiuinaiy of the lesults Table II giies a sumniaiy of the 
components of the calculations used in then dcination 

niscussioN 

These lesults show how aceuiatelj the total lung capacitj can be calculated 
fioni the single posteioanteiioi film 

On oui huigical seiiice ulicie all patients aie studied in oui caidio- 
pulmoiiaiy laboratoii ne lopeatcdlj found that the aiailable piedicted noiinal 
laiige Mas too vide to guc us a piopei estimate ol a patient’s dcMation liom 
Ills own noimal Oui eaidiac cases Mith giossh i)icie.ised lesidual lolume 
(unless they had leiy large heaits) and diminished vital eapacitj ueie espe¬ 
cially liaid to eialuate 

This method is applicable to all foims of chest pathology Wc aie now 
using It in our daily Mork 

SUlIM IKV 

Tile \ital capacity Mas detcimined on a iccoidiiig spiioineter An \ ray 
film (posteroanteiioi) at full nispiiation Mas taken simultaneously The 
lesidual capacity Mas then deteimiiicd Clinicallj normal subjects weie used 
thioughout 

The total lung capacity Mas calculated b\ the method outlined fioni a 
single posteroanteiioi \ laj film in full iiispiiatioii 

Theie Mas an aieiage difTcienee of 07 pei cent betMcen the e\peiinientally 
obseiied and the calculated total lung capacitj 

The range of this diffeiencc Mas fiom 001 to 1 75 pci cent 


nti tUfcNcts 

1 Ivoiacli, T, Baler, E, aiut Ltcbar, H Itcsidu ll Capacity UelciiiuiiatiDn (in prepara 

tjon) 

2 bheuiood, G, md iajloi, \ (Jilciilus,, cd 1, New Yorl, 1051, i’rcnticc Hall, liic, 

p 115 < - . . 

> Slieritood, G, and liWor, t Calculus, cd 3, A'cn lorl, 1052, Preutice Hill, Inc, 

p 2() ? 

4 Hiiiidbook ot Clicmistrj and Pin sics, od J5, CIci eland, 1055 4, Cbeniical Rubber Pub 
lisilnng Co 

■) Richards, J) , Tr, Counund, A, and 3rotIc\, H L EfTccts on Circulatorj and 
Rts]nrator> Tunctions of Various Forms ot Respizntor, Ir A Am Ph\sicians 59 
102, 1946 1 

h Lauson, H J), Bloomfield, R A, md Cournnnd, A Influence of Respiration in ilan. 
Am r Med 1 315, 1940 



MEDIASTINAL TUIVIOES AND CYSTS 

N. Eingertz, jM.D., and S. 0. Lidholm 
Stockholm, Sweden 

T he present paper is a survey of primary mediastinal tumors and cysts, 
treated at the Clinic of Thoracic Surgery at Sabhatsberg Hospital during the 
period 1914 to 1954. As the survey is based on a patho-anatoraie elassilication, 
we have included only those eases documented Avith patho-anatomie material. 

The folloAving lesions are excluded from this study: (1) carcinoma and 
benign tumors of the esophagus; (2) mediastinal extension or metastasis of 
bronchial carcinoma and other metastatic tumors as Avell; (3) intrathoracic 
goiter; and (4) systemic diseases and non-neoplastic processes such as leukemia, 
Hodgldn’s disease, tuberculoma, sarcoidosis, aneurysms, and parasitic cysts. 

Table I shows the composition of our material in all 155 eases. Some rare 
tumors and cysts, other tlian tire processes just mentioned, are missing in the 
material: aberrant parathyroid adenoma and cysts of esophageal and enterog¬ 
enous origin. We have found no specimens of these lands among the patients 
treated at the Clinic in these eleA^en years. The absence of enterogenous cysts 
is explained by the fact that children usually are not seen in this Clinic, 


Table I 


Schwannoma and neurofibroma 

38 

Ganglioneuroma 

11 

Ganglioneuroblastoma 

3 

Neurogenic sarcoma 

4 

Sympathicoblastoma 

2 

Fibroma 

2 

Lipoma 

1 

Fibromyxosarcoma 

5 

Chondrosarcoma 

1 

Hemangiomatous tumors 

5 

Lymphangioma 

7 

Lymphosarcoma 

5 

Plasmacytosarcoma 

1 

Thymoma 

19 

Thymic cyst 

1 

Adult teratoma 

14 

Malignant teratoma 

2 

Tumor of bronchial adenoma type 

3 

Bronchial cysts 

21 

Pericardial cysts 

6 

Cysts of imcertain origin 

4 

Total 

155 


It Avill be observed, hoAvever, that we have taken up 3 cases classed as 
bronchial adenoma in our material. These were large tumors, wholly localized 

Prom the Clinic of Thoracic Sursrery (Head: Professor C. Crafoord). and the Depart¬ 
ment of Pathology (Head: Professor N. Ringertz), Sabhatsberg Hospital, Stockholm, Sweden. 
Received for publication April 25, 1955. 
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witliiii the mediastinum and without any conspieious anatomic connection witli 
lung, bronchi, or trachea. They presonted the typical microscopic .structure o£ 
bronchial adenoma. We have not been able to find any similar eases in the 
literature. We believe these tumors are related to the teratomas. 

In order to determine whether the percentage distribution oj the various 
diagnoses coincides with that found in other homogeneous series, we have made 
a comparison, as shown in Table II. In this Table, we have excluded from the 
compared series, all eases not included in our scries. It will be seen that there 
is considerable statistical incongruity between the distributions in the different 
scries. If they arc summed up, however, the distribution in the combined 
material of 241 cases tallies rather well with that in ours. The similarity is 
good in some of the larger groups, i.c., benign neurogenic tumors and bronchio- 
gcnic cysts. Teratomas, on the other hand, are less frcuucnt in our series 
than the combined material, partly due to the astonishingly high frc(|uency 
of these specimens in the material of Cnrreri and Gale." Thymoma is more 
frequent in our material. We have rather few pericardial eysls but rather 
many lymphangiomas. It is possible that some pericardial cysts in the earlier 
authors’ materials in reality have been lymphangiomas. These two cystic 
affections are rather difficult to separnle. 




Frequency of mass-radiography 
in Sweden, in 100,000 


1 . 


Number of mediastinal tumors 



-Annual distribution of mediastinal tumors discoteied by mass railiocranbv In tins 
series comp.-ired iMIli the freiiucncr of mass railingrdpby in ^ 


Before we proceed with a description of tlie different groups of material, 
we want to stress the importance of mass radiography for the diseoveiy of these 
mediastinal affections. It is, indeed, reasonable to say that the extensive use 
ot mass radiography on the Swedish population during the last decadm has 
been responsible for detection of most of this material In f 

our 155 cases (about 61 per cent), the mediastinal affection 





Table II 
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loutine mass laOiOtjuplij The putciiUisc is about 08 foi the liciii^u and 
loi tin, malignant giontlis I'^ig 1 gi\t-s the distiiliutioii ol the c.isls dis 
coioicd bt mass ladiogiaphi in Swulen as to the itai ot discoieit (lull diawn 
line), and the iio ,ncnci ot mass ladiogiapln in hiitdcn dniing these leais 
(in liundied thousands, dotted line) A lathei close agiocnieiit tan be noted 
between the tiequoiicj of mass ladiogiaplij on the one hand and the iinmbei of 
cases discoieied b\ tins method, on the othei hand 

The specihc sites ol oi gin ot the vaiious niLdiastnial tuniois and cjsts in 
om senes aie sbosin m Table III Thcie ts a definite siniilaiU'i betv cen the 
dispel sioii of the diffeieiit kinds ot tumors in oiii mafeiial and tlie sunejs ot 
loealiratioii giion hi Schlumheigci," and Ifoehlieig and associates, among 
otheis 

Tlliil III 


■interior Suiienor Mediastinum — 


Ihjiiionn, 

Adult ter'itoni i 10 

M liign mt tcratonn 2 

I > inpUos m oiw v 't 

1 ihronn. 2 

Lipoma 1 

Fibres moma 1 

llemaiigionu 4 

L>mpliangionu 2 

llropchi il adenonn 2 

Bioucliiil cy' 4 l<) 4 

rhymiL cjsts 1 

Undefined ojsts 4 

Tot il “ 54 " 

Hilar Tleoion — 

Broncbial eyst^ 0 

Adult teratoma 3 

Thymoma 3 

Ljmphangioma 1 

Total IT 

ln/e?ior Inferior Mahastinuni — 

ribro'5arcom 1 1 

Perteardiil cjsts 0 

_ fotal _ ~~f 


Posterior Superior 

Scliw innom i md iieurolibroma 24 

(langlioncurom i i> 

Afalign mt ncurogLiuc tumors 2 

Bronchial 0 

Adult terUonui 1 

Ikimuigionu I 

Plasm i« N tos irtoina X 

Cbondiosin urn i 1 

Total 13 

Postenor Inferior l/tduiitinwm — 

bcliuaimoni i 14 

CiaiigUoneurom i S 

Mibgiimt neurogenic tumors I 

Fibrosanonu 3 

Lyiiipbnngioma 4 

Bronchi il cysU 5 

Brojubul adtnorn i 1 

Total "Tf 


NEUROGFNIC lUMORS 

These aie the most fit<iucnt among the mediastinal tumois Aceoiding to 
Sehlumbeigei,^^ lepoits oi at least 230 cases hi\e been published up lo 1051, 
Ilii-^chield, “ howevci, guc, the figiue as 172 cases icpoitcd up to the same ^cai 
Histologically, they aie clas'^cd as benign tumois sehuaniioma (noun 
noma), neuiofibioma, and gaiiglioneiuoma and malignant tumois neiuogenic 
saieoma (malignant seliwannoma) and svmpatlucoblastoma Theie is a?so a 
tumoi called ganglioneuroblastoma, whieli micioscopically, seems to be intei 
mediate beh\een a ganglioneiuoma and a sj mpathicoblastoma 

Of these tumors, schuannoma and neuiofiliioma are the most common 
lollowed by ganglioneiuoma Accoidmg to Hodiigucr and eo woikeis <10 
cases ot mediastinal gaugUoueuioma bad been published up to 1051 
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According to Ackerman and Taylor/ 14.6 per cent of all mediastinal neuro¬ 
genic tumors are malignant, but Brewer and Dolley^® give a figure as high as 
33 per cent. Within the malignant groups, malignant schwannoma seems to 
be most freciuent. Hollingsworth-® (1946), however, collected 18 cases of 
mediastinal sympathicoblastoma from the literature and added 1 of his own, 
Davis^® (1947) found 14 eases in the literature and presented 2 of his own eases. 

A comparison of the frequency in Ackerman and Taylor’s^ homogeneous 
material of 48 mediastinal neurogenous tumors, and in ours of 58 eases, follows: 



ACKERMAN AND 'rAYI.OK 

OURS 

Neurinoma and neurofibroma 

27 

38 

G anglioneuroma 

7 

11 

Ganglioneuroblastoma 

7 

3 

Neurogenic sarcoma 

4 

4 

Sympathicoblastoma 

3 

2 


48 

58 




A. 


B. 


Fig. 2.—Location and approximate size of: A, 38 neurinomas and neuioflbrornas, and B, 
of 14 gangiioneuromas and gangiionourobiastomas. 


As seen, the px’oportion of clearly malignant tumors is lower in our series 
than in Ackerman and Taylor’s material (10.3 per cent to 14.6 per cent) and 
the proportion of ganglioneuroblastomas is lower in ours also. This is probably 
due to the fact that the average age in these tumor groups is low, as children 
are infrequently seen in our Clinic. 

The henign neurogenic tumors (including ganglioneuroblastomas) are all 
similar as to site and gross anatomy. They are invariably located at the costo¬ 
vertebral sulcus, growing close to the lateral surface of the eolumna and the 
most proximal part of the ribs. They arise subpleurally and bulge into the 
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thoracic cavity witli a pleural covering. Tlioy are always well encapsulated. 
The location in this series varies 1‘roni the level o£ tlie seventh cervical vertebra 
t <3 a ijohtt jiiit abero Uw dinpIiJ'nffiu, i.e,, tlio level oi’ tJie tenth tlioracic vertebra 
(Fig. 2). The distribution on both sides is about even (24 cases on the left 
side, 27 cases on tire right side, and 1 ease was bilateral). The size varies 
from that of a walnut to that of a large grapefruit. They are spherical or 
ovoid in shape with a smooth pleural surface. Their tissue is mostly solid, 
sometimes rvith degeneratir’e cysts, grayasli-whitc often ycllow-sirotted. The 
surgeons often report these tumoi-s as being eonneeted with the sympathetic 
cord and/or the spinal nerves (25 per cent and 63 per cent, respectively). 
In about 20 per cent of the cases, the tumor tissue shows an e.xtension into 
one or several intervertebral foramina. The x-ray picture of dilated foramina 
is an important diagnostic sign in these eases (Pig. 3) ! 



of a dilated Interxcrtebral foramen In a case of neurinoma with 
e area deslenated by the two arrows shows the absence of normal 


Ill our series, the tumor lias presented tiie gross picture just described 
wliether the niieroscopie picture was that of schwannoma, combined seliwannoma- 
neurofibroina, ganglioneuroma, or ganglioucuroblastoma. In only 2 eases, witli 
a pine neurofibromatous histologic picture, lias the gross picture been at 3 'pical; 
sausage-shaijcd, marhedly gelatinous tumors. In 1 of these eases, the tumor 
was a local manifestation of a generalized von Recklinghausen’s disease. Multi¬ 
ple small nodules along the intercostal nerves were additionally observed. 

Tile histologic picture in 36 of these tumors has been tliat of schwannoma, 
either pure, or in a varying degree combined with neurofibromatous structures. 
^Is many of the tumors present regressive changes with abundant formation of 
hyaline fibrous tissue, we find it difficult to draw the border line between 
schwannoma and neurofibroma. However, in another 2 eases, the pieturo 
was that of a pure neurofibroma without appreciable schwannoma-pattern and 
also ivitbout regressive changes. These 2 cases presented an atypical gross 
picture, as described before. 
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Eleven of the tumors were mature ganglioneuiomas and 3 were tnmoi's 
with a less mature structure namely, ganglioneuroblastomas. The dominating 
tissue in all these neoplasms is neurofibromatous, most often consisting of a 
network of bundles separated by a loose connective tissue. The bundles contain 
Schwann cells, rests of m3"elin sheets, and sometimes demonstrable axons. 
Nerve cells appear scattered or m small nests. In the ganglioneuromas, the 
nerve cells are of a mature tj'pe and often sparse. The ganglioneuroblastomas 
are rich in nerve cells of an immature type, varying in size, often multinu- 
cleated. The nests of these cells are surrounded by a peculiar loose, cobwebby 
tissue, rather similar to a glial network. Some of the fibers in this tissue seem 
to be axons. With a combined gold-silver-impregnation method, we have also 
been able to demonstrate glia cells often of an immature uni- or bipolar type 
in these islands (Fig. 4). 



A. B 

Fig 4—Ganglioneuroblastoina A, Neats of ner\e cells surrounded by a cobwebby 
tissue (van Gieson stain, xi20 ) B, Glia cells in the cobwebby tissue (SiUer-gold im¬ 
pregnation, Xo60 ) 

The incidence of females, in our series and Ackerman and Tajdor’s^ series 
of benign neurogenic tumors and ganglioneuroblastoina, is the same, 60 per 
cent. The age distribution is different for the "various histologic groups Thus, 
for the schwannoma-neurofibroma group the mean age at operation is 43, for 
ganglioneuromas, 25, and for ganglioneuroblastoma 6 j^ears and 7 months. 
The corresponding figures in Ackerman and TajdorV series are 43, 14, and 
6 j'ears, 5 months, respeeti\ el 

These benign tumors grow slowly and often attain a considerable size 
without giving any sj^mptoms. Thus, 36 of the 52 patients in this series had 
been quite fiee fiom sjmiptoms and the tumor was accidentallj' discovered bj'" 
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mass ladiogiaphj AnoUici 10 casts «eic also diagnosttl in this naj althongli 
tlie patients Inti stmptoms ninth did not cause a iiittlieal tonsiilt.ition Tlic 
sjmptoms ueit iiiosth a titling oi pitssmt, slight pain, and d>spnca In 
4 eases, ssiUv the tumoi loealtd at the Icscl oC Hit setenth conical to the 
thud thoiacic \eitebia, thcie nas a welldctclopcd Iloinei s sjndiomc In 
2 cases, one neuiotifiioiiia and one ganglioiieuionia, the jiatient showed signs 
ot son Eeokhnghausen’s disease 

All of the patients niideinent suigeij’^ 

Of the 52 patients, 4'l aie living tluce inontlis to eleven veais aftei the 
opeiation Two died postopeiativclv (of Inonchopneuinonia and invoeaidial 
infaiction, lespeetuelv) One died seven vcais aftei opeiation ot caitliac 
disease jUI the siuviio's, estept 3, aie tpiitc fiee fioiu sjmptoms One 
patient complains of sJigiit tlioiacie pains, one of slight disconifoit in the 
hand on the side opeiated upon and in 1 case, the Iloinei syndiome has 
peisisted It is of inttiest that otii 3 patients with ganglionenioblastoma aie 
asjmptoiiiatic 3 veats, ') months, 2 jeais, 3 months, and 6 months aftei opci- 
ation, lespeetiveb This tact has taused us to dtseiihe the ganghoneimi 
blastomas togethet with the benign tumois In Aekeiman and Tajloi’s' senes 
of 7 cases in this gioiip, 2 died because of iiietastascs 

The mahgiiant neuiogcnic turnon in tins senes aic C, ic, 2, sjmpathico 
blastomas, 3, saicomas with iccogni/<ihle seliwannonia stiiietuies, and 1, sat 
eonidtous mediastinal iiouio/ihionia in a ease of von Tiecklinghaitsen’s disease 
The sjmpathicoblastonias oecitucd m males, aged 15 and 8, lespcctnely The 
fiist patient was opeiated upon at the age of 5 foi an esUaituial spinal tumor 
of suspected neiuohlastoina tvpe and ten vcai-s latei picsentcd a lapidlj glow¬ 
ing and infiltiating iiiopeiahle giovvth at the same level as the spinal tumoi 
A biopsy showed a cleat sympatliieoblastonia, and tlie boy died ten montlis latci 
fioni metastases The otiiei patient had an oiange si/ed infiltiating tumoi in 
the costovertehial sulcus Tins patient died from cerebial metastases two 
months after the opeiation 

The tliiee saicomas of schwannoma type occiiried m 1 man and 2 women 
aged 30, 31, and 51 yeais, icspectivclv The tiimws were all located in the 
costoveitebial sulcus, an orange to a cocoaiiut m sire It is niteicsting that 
none of them showed infiltiative giowth grossly, and the surgeon repoited 
complete leinova] Hovvevei, 2 of the patients died of tlie tumoi within two 
years and one is living with lecmience one and one lialf yeare aftci opeiation 
One ot these patients had gencialized von Recklinghausen’s disease 

The last patient witJi malignant neurogenous tumor, a woman 25 yeais 
of age, had suffered fiom von Recklinghausen’s disease since childhood She 
displayed a lapidly glowing peai shaped, seemingly well delimited neoplasm 
in the costovertehial angle and had, in addition iindtiple small tiimois alonv 
the costal neives In spite of complete operation, she died with localTccuiienee 
and metastases eight raontlis latei 

CONNECTIVE TISSUE TUVIORS 

rtbiomas aie compaiativoly laie m the mediastinum According to 
Blades,” 32 cases had been repoited up to IDiO, a nuinbei of time pro/mf.?. 
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being fibrosarcomas. In the sei’ies included in Table II there are 4 cases 
of fibroma. Mediastinal myxoma seems to be very rare. 

In our series, there are 2 eases of fibroma, both located in the upper anterior 
mediastinum, occurring in women aged 23 and 48 years, respectively. One 
of these growths, though giving rise only to slight asthmatic troubles, had 
attained a size larger than a child’s head. Both patients are alive and Avell 
four years after the operation. We have no ease of mediastinal myxoma. 

Fibrosarcomas are also rare in the mediastinum. Heuer and Andrus-^ 
(1940) collected 17 eases from the literatiu’e, which were mostly located in 
the posterior mediastinum. Brewer and Dolley'® reported 4 eases of their own. 

In our series, we have 5 eases, 3 in women and 2 in men, with ages ranging 
from 23 to 66. The size of the tumoi's varied between that of an orange and 
a large grapefruit. In 2 eases, the location was anterior; in 3, posterior-inferioi*, 
one of the latter tumors extending into the retroperitoneal region. In 2 of 
the eases, the tumor was found to be well encapsulated. The preoperative 
symptoms, in 4 of the eases (less than one year’s duration) were characterized 
by pains, cough, oppression, and dyspnea. In only 2 cases could a complete 
excision be performed. One of these patients died postoperatively (pulmonary 
embolism), the other died from meta.stasis four years after the operation. Of 
the other 3 patients 1 died shortly after the exploratory operation. Two others 
are alive, 1 of them two months and the other two years postoperatively, the 
latter with signs of recui-rence. 

Tumoi’S classed as fibroxanthoma ai’e often reported as being located in 
the mediastiniim, in locations similar to those of the neurogenic tumors. It 
seems probable that most of them in reality were schwannomas or neurofibromas 
with xanthomatous degeneration. We observed this type of degeneration in 
12 of our 38 tumor cases in the schwannoma-neurofibroma group. On the 
other hand, we have no tumor in this series which we have found reason to 
class as fibroxanthoma. 

Lipomas are often reported in an iiitrathoracic position. Thus, Keeley 
and associates-® (1953) found 57 cases in the literature and added 1 ease. 
However, 10 of them were “hour-glass” tumors, protruding subcutaneously 
through intercostal spaces, and 6 were ‘ ‘ cervicomediastinal. ’ ’ Of the remainder, 
at least 10, including the case of these authors, had a mid-line, clearly medi¬ 
astinal location. 

In the material of Sabbatsberg hospital, there are a number of lateral 
or supradiaphragmatic intrathoracic lipomas. Only 1 such tumor was located 
in the mediastinum, this one occurred in a man, 28 years of age, and showed 
a double grapefruit-sized lobulated, well-encapsulated tumor in the thymic 
region. jMicroscopically, it was a lipoma of mature type with small islands 
of remaining normal thymic tissue dispersed between the tumor nodules. The 
tumor did not give any symptoms and had been discovered by mass radiography 
six years before the operation. The patient is well six months after the 
operation. 

A few cases of mediastinal liposarcoma have been reported in the liter¬ 
ature, the majority of them with a benign clinical course, however. We have 
no such specimen in our series. 
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As all of these cases are instances of rare and morphologically peculiar 
specimens, they will be reviewed here briefly. 

CASE REPOUTS 

Case 1. A woman, aged 29, had a history of pains and a pulsating sensation in the 
left arm of one year’s duration. A firm tumor was palpable medially above tiie left clavicle. 
At operation, a walnut-sized, firm, grayish-red tumor was found growing as a cutf around 
the innominate vein and the adjacent part of the subclavian vein, moderately stenosing these 
vessels. It was extirpated together with the infiltrated parts of the veins. The patient is 
quite well three and one-half years after the operation. Histology: The tumor tissue had 
a more or less abundant fibrous stroma enclosing numerous small strands of cells, rather 
rich in cytoplasm and forming many syncytia (Pig. 5). The cells were arranged around 
narrow space.s, some empty, some containing red corpuscles. There was neither nuclear 
polymorphism, nor mitoses. 










Fig. 5.—Case 1. Capillary lieniangionia Avith syncytial endothelium cells. (van Gieson stain, 

X430.) 


Case 2. — A man, aged 76, avIio had a history of uncertain duration of oppression, pains, 
dyspnea, swallowing troubles, and hoarseness. X-ray showed an upper mediastinal tumor 
with dislocation of the trachea and esophagus to the right. At thoracotomy a firm, orange¬ 
sized neoplasm was found in the upper anterior mediastinum, free from the lung, but 
obviously infiltrating around the big vessels. A frozen-section biopsy was erroneously inter¬ 
preted as cancer and no attempt at surgical removal was made. After subsequent x-ray 
therapy, he was subjectively improved three months postoperatively. Histology: The same 
as in Case 1. 

Case 3.—A Avoman, aged 32, had a history of fatigue, raised temperature, cough, and 
tachj-cardia of 20 months’ duration. Thoracotomy revealed an upper mediastinal neoplasm of 
grapefruit size, growing around the aorta ascendens and infiltrating through the pericardium, 
the Avail of the left auricle, and the region of the left coronary sulcus (Fig. 6). The neoplasm 
was adherent to the lung and infiltrated the left upper lobe in one place. It was solid, 
grayish red, A’ascular, Avith necrotic patches. The patient died, postoperatiA'ely, after a 
partial removal. Histology: It Avas a cellular tumor AA'ith abundant narroAV blood spaces, 
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lined ^yith cnmUeVuil cclh (h'}g. 7). Tenphcral to Ihe lining cells u'cro numerous polylicdral 
cells, rather rich in cytoplasm and witli a moderate nuclear pkomorplusm. There was a 
ucll-doveloped intracellular reticulum with a dear arrangcmciifc around the capillary spaces, 
uhicli corresponded to the tumor called hemangiopericytoma, described by Stout^o (1049). 

Case 4 .—X man, aged 4l, had an upper mediastinal tumor discovered by x-ray in 
connection with an acute respiratory infection. It grew slowly and symptomless during 
QUO year, giving alight thoracic pains only C weeks before operation. Thoracotomy revealed 
an orange-sized upper anterior w)ediast)nal tumor growing infiltratively around the aortic 
arch and other big vessels and also inliltrating Iho pericaraium. The cut surface was 
grayish with necrotic spots. TJio surgeon was able to icniovo the neoplasm in radical 
fashion. The patient is alive and well more than ten years after the operation. Tltsfolopy.* 
In the central parts, a clearly sarcomatous cellular tissue uith bundles of elongated pleo¬ 
morphic, mitosis-containing cells surrounding numerous small capillary spaces was seen. 
In the poripUcry, the tumor cells grew in long, often bifurcated strands in a loose con¬ 
nective tissue. The strands were built up by two layer-i of syncytial cells enclosing narrow 
spaces with a few red corpuscles, thus imitating young, newly’ formed capillaries (Pig. 8). 
It was classed as heniangiosarcoma. 

Case o, —A woman, aged 55; had had coughing spells for 15 years. Six years before 
tho operation, a mediastinal tumor was discovered by x-ray. Tests did not reveal a,ny iucreasc 
in size, and no new symptoms appeared. Thoracotomy revealed .a walnut-sized well'Ciicapsu- 
latcd tumor in the right costovertebral sulcus at tho level of tho fourth thoracic vertebra. 
It seemed to bo connected with tho intercostal nerve, but had no intraforaminal extension. 
It was bluish in color with multiple blood-filled cystic spaces. After radical extirpation, tho 
patient has remained well for more than two years. TUstologyi Tlic tissue contained numer¬ 
ous cavernous blood-flUcd spaces with a thin cudothelial covering. Between tho spaces, there 
was a cellular tissue with small monomorphous, round nuclei and indistinct cell borders. The 
cytoplasm contained abundant fine or coarso granules of darkish-brown pigment, which pre¬ 
sented a positive reaction to Masson's melanin stain. Tlicio was also much iron-positive 
pigment in places, probably hemosidorin. The cellular tissue revealed no structures similar 
to Schwannoma or neurofibroma and no nervo cells were to bo found. Wo wore not able to 
classify this specimen or to find any of similar de.'5eri])tion in the literature. Wc believe 
that it may possibly be a hamartoma of combined vascular and neurogenic origin (Pig. 9.). 

Ziljmplianrjxomas in the niodiastimim seem to be slightly more common 
than hemangiomas. According to Schlumbcrgcr/* 12 eases had been recorded 
np to 19-18. In tlic series of Brewer and Dolley^® (1949), Curreri and Gale'* 
(1949), and Conklin'^ (1950), there arc 3 more eases and Ijob^“ has publi.slied 
1 case (1951). Tims, at least IG ca.scs are known. Tlio tumors have occurred 
predominantly in adults in an anterior location and have been nio,stly without 
symptoms. 

In this series, we have 7 cases of lympliangioma (3 in men and 4 in 
women). Two of them were eluldrcn (3, and 6 years of age); the others 
adults (wJiosc ages ranged between 36 azid 4S years). In our series, the 
anterior location does not predominate. AVe had 2 situated upper-anteriorly, 
1 anteriorly in the hilar region, and 1 on the left side of the pericardial sac! 
On the other hand, we have 3 cases with lower posterior location, tiie tumor 
growing paravertebrally and supradiapiiragmatieally behind the heart, ad¬ 
herent to the pericardium. The smallest specimens Jmve been about tlie size 
of an orange, the largest one covered the left side of the pericardium and had 
an extension of about 20 by 30 cm, but was not very thick. All tlie tumors 
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were multicystie, either with a honeycombed cut surface throughout or with one 
main cyst. In 2 cases there were small extra cysts, separated from the main 
tumor. The cysts contained a water-clear or yellow-brownish fluid. Micro¬ 
scopically, the picture was characteristic: cystic spaces with an endothelial 
covering and thin fibrous wall, and in every ease the specimen contained scattered 
streaks of smooth musculature. One may also find sparse lymphocyte infil¬ 
trates. The stroma tissue between the cysts always contained adipose tissue. 
In the 2 eases with upper anterior location, we did not find any thymus tissue 
in the stroma. 

There is always some difficulty in differentiating mediastinal lymphangioma 
from thymic cyst and pericardial cyst. In our opinion, a thj'mic cyst seldom 
has smooth musculature in the Avail and, if one had adecpTate material, one 
Avill alAvays find rests of thymus tissue with Hassall’s corpuscles adjacent 
to the cyst Avail. The pericardial cysts do not shoAv any smooth musculature, 
and the lining cells are (at least sometimes) cuboidal and not of the flat, 
endothelial type. 

These lymphangiomas grow sloAvly and are symptomless. In all cases 
but one in our series, the tumor Avas discovered accidentally, either by mass 
radiography or by x-ray examination in connection Avith an acute I’espiratory 
infection. In the remaining case, there had been thoi'acic pains, dyspnea, and 
attacks of suffocation. In all the cases, it Avas possible to remove the tumor 
radically and all the patients are alive and Avell one and one-half to ten years 
after the operation. 

LYMPHOSARCOJIA AND PLAS3MACYTOSARCOMA 

Malignant lymphoma, including Hodgkin’s disease and leukemia, often 
produces mediastinal masses, especially in the upper anterior part of the medi¬ 
astinum. Thus, patients are often operated upon suspected of having medi¬ 
astinal tumors. In quite a few such cases, an eri’oneous histologic diagnosis 
of malignant thymoma is given. We haA'^e seen many instances of this in the 
material from this Clinic. 

The lymphosarcomas do not constitute a very large group among the 
mediastinal neoplasms. In the series recorded in Table II, they averaged 
less than 3 per cent of all mediastinal tumors and cysts. 

Plasmacytoma and plasmacytosarcoma seem to be extremely rare in the 
mediastinum. We have found only 1 case of the former (Childress and 
Adie’-), and 1 of the latter (Divis^®) reported in the literature. 

In the present series, Ave have (Avith exclusion of Hodgkin’s disease and 
leukemia) taken up 5 cases of mediastinal lymphosarcoma and reticulum-cell 
sarcoma, and 1 case of plasmacytosarcoma. 

The 5 cases of lympho- or reticulum-cell sarcoma occurred in 3 Avomen 
and 2 men, Avhose ages ranged from 10 to 80 year’s. The preoperative course 
AA'as mostly less than 6 months, only in one case being as long as three years. 
The symptoms Avere most often oppression dyspnea, cough, thoracic pains, 
fatigue, loss of Aveight, and sometimes swallowing difficulty. All tumors 
Avere located in the upper anterior region varying in size betAveen an oi’ange 
and a fist, and all Avere groAving infiltratively. The tumor masses Avere soft, 
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giajisli white, sometimes noduhitecl, sometimes witli neeiosis and small cysts 
llistologically, onlv 1 of llic cases was a piuc hmpliootosaicoma, the otheis 
weie leticulum-cell saicomas of small, laigc celled oi poljmorphoccllulai type 
Ill 2 of the eases, the suigcoii tned to icmoic the tumoi ladically, m 2, paitial 
leseetioii was peitoimed The filth patient was iicioi opeiated upon The 
autopsy m this case did not leveal any dissemination of the timior All 
of the patients opeiated upon, in spite of ladiologie tieatment, have died within 
two and one halt jeais aftti the opciation 

The case of plasmaejtosaicoma occuiied iii a man of 37, pieseiitiiig a 
two month’s histon of pains iii the lett aim and shoulder The thoiacotomj 
leiealed a tiimoi, the sue ot a hen’s egg, in the uppei posteiioi mediastinum, 
siiiromiding the tliiee nppeimost thoiacie icitehias, giowing into the iiitei 
%eitebial foiamiiia and suiionndiiig the iiitcieostal ncivcs and the left hiachial 
nei\e plewis X lay e\ploiation did not leieal any niioliemeiit of the 
thoiacic lertebias, noi any signs of iiijeloma in otlier paits of the hone 
system No albumin was found in the tunic Histologically, the tumoi 
tissue was built up hj pleomoiphic, milosc coiitaniing hut mostlj well-iecog- 
iiizahlc plasma cells The tumoi was coiisideied luopeiable and only a biopsj 
was tahoii The patient died ot the tumoi one and one half years after the 
opeiation 

THY MOM vs 

Theio IS much contiOYOisv eonceimiig the definition of the term tlijraotna 
3Iany aiithois have desoiihod malignant widely mctastasiiig tumois, supposedly 
oiiginating m the uppoi antciioi mediastiiiiim, as thjmic caicinoma, and 
the tern thymic Ijmpliosaicoma has also been intioduced AVithoiit a doubt, 
the majority ot the so called thjmio caiciiiomas hove been either pulmoiiaij 
earemomas with mediastinal estension oi malignant teiatomas with one sided 
development of the epithelial component We, also, believe that nppci medi¬ 
astinal Ijmphosaicomas oiiginato iioin Ijinph nodes in this legion and not 
fiom the thymic tissue Thus, we ciituely agice with the definition lecentlj 
given bj Seyhold and associates,^ ‘ thviiioma is a slowly giowing tumoi of 
the thymus which has arisen tioiii both the epithelial and lymphoejtic ele 
ments of the thymic paieiichjma ” A thjmoma may giow infiltiativelv m 
adjacent stiuctuies and give implantation metastasis in the pleuia oi peii- 
eaidiiim Clearlj dociinientated cases ot thymoma, as pieviouslj defined, 
with extrathoracic metastasis, aie—if existent—e\tiemelv laie 

It has been suggested that those thjinomas wlueh aie associated with 
myasthenia gravis fall into a distinct gioup In all cases of mv asthenia giavis, 
the tumors seem to have fulfilled the ciiteria given pieviouslj, and no case 
with cxtiathoiacic metastasis is cieaily documented Ilowevei, most thymomas 
with these moiphologic and biologic piopeities aie not associated with mjas¬ 
thenia giavis, and in our opinion it is impossible to tmd anj histologic diffei- 
ence between the two groups 

Tliymoma constitutes a lathei Higc piopoition of the mediastinal tiimois 
and cjsts In the pievious senes, picseiitcd in Table II, it lanks fifth, in 
our senes cases of thymoma come thud aftei those of neuiogenie tiimois 
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Fiff. 11.—Thymoma of lymphocytic type ivith a perithelial arrangement of the thymo- 
epithelial cells (so-called reticular perithelioma of the thymus according to Pope and Osgood), 
(van Gieson stain. X5G0.) 
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and bionelual cysts,, ■^^lnc5^ makes it moic common Ilian toiatomas Bccaiiso 
of the confusion as to the defimtion of thymoma, it is imposbililo to gi\e 
eien an appioMinate oialnation of the ninnbei of cases of tUyraoma doscuued 
or lefoiied to ni the lUeratnic 

This seiiob uicludes 10 cases of tlijmoma The se\ dislubntiou is eieii 
(9 men and 10 ivomon) The ages i.mge beUscen 20 and 07 jeais Tlio 
mean age foi both seats is 47 ycais, but is 4‘J foi men and 52 foi women 

Thjmomas aie picdominanth located m the uppei anteiioi modiastmiim, 
but location m the puhnoiuiy InJai icgion is not raic, and even tlnmomas 
located on the neck and iii the antciioi lufeiioi nicdiastniuni have been 
desciibcd in the litciature (Altei and Onato,' Knigeita,^^ Iljidyinoon,^' and 
others) In this senes, the site nas llie thymic legion iii 10 cases and the 
pulinoiiaiv hilai legion in 3 cases 

The size lauod hotacen that of a mancUnn oiango and a large giapefiutt 
(12 by' 10 by S cm ) The tuniois iierc loniided oi flattened, often shaped 
as the thymus The gioss pictuic iias charactciistic in all eases a nodulated 
tunioi Mitli broad slroalcs of filnous stioma suiioundmg islands of soft giay- 
tslt iilute tumor tissue The lattci may shoiv cystic degeneration (in about 
one third of our cases) and oholcsteiol and lime salts may be deposited in 
the stioma Infiltiatno giowth into adyacent stiuetuics iias repoited by 
the siugeon in only 1 ease, and wc wcic not able to establish this phenomenon, 
imoiQseopic liiv, m any otlioi case In this aspect, om senes diffeis fioni 
that of Seybold and conorkers,'® iiho found infiltrative growth m onefomth 
of thou cases In the pieviously nicntioiied case of invasive tumor, thcie 
were also peiioaidial implantation nietastases, and in one othoi case, mul¬ 
tiple plenial implants 

Jtieioscopically, all the tumois in oiu senes presented principally the 
same picture, tlie giovitli being made up of lymphocytes and tbymo epithelial 
cells Howevei, the proportion between the two kinds of cells vaiied veiy 
inuclt, not only in the diffeicnt tumois, but also in different paits of the 
same neoplasm In 5 eases, the lymphocytes weie definitely dominating, 5 
showed about cq,ual distnbution, and 9 vvcie piedoinmantly opithehal In 
the latter gioup, aieas of puiely epithelial tissue occurred (Pig 10), but 
vve alwavs found othei paits vvitli lymphocytic adniivture In the epithelial 
aieas, the fusifoim cells showed a tendeney to foim knots and wlioils, often 
with a pencayiiilai anangement tV'e also louud tius vvhoillike jieiicapillai 
pioliferation of tbymo epithelial cells in an otherwise very lymphocyte tieh 
thyunoma (Pig 11—This pictuie piobably conesponcls to Case G in Pope 
and Osgood’s®® seues of ‘Teticulai peiitbelioma” of the thymus) Hassall’s 
corpuscles, moie oi less well developed, vveie found m 5 (neailv 25 pei cent) 
of oui cases, which tallies well with the fiecpiency in tlie senes of Seybold 
and associates®® A malignant cell pietiiic was piescnt in 2 cases which were 
not identical with those showing invasive giowth and nietastases Thus, 
some sign of malignancy was found in 4 out of 19 eases 
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The preoperative course was, in 5 of our cases, domiated by more or 
less pronounced symptoms of myasthenia gravis, in 1 case for twelve years. 
In 3 cases without this disease, there Avere only slight local symptoms such 
as pains and dyspnea. In 1 case, the thymoma was accidentally discovered 
during the course of agranulocytosis. In the remaining 10 cases, the patients 
Avere asymptomatic and the tumor Avas discoA^ered by mass radiography. 

Thus, Ave have 5 cases A\dth preoperative myasthenia gravis. In another 
ease, this disease developed after the operation and Avas obviously associated 
Avith the outgroAvth of pleural metastases. These Avere removed, but the 
patient died four years after the first operation from myasthenia gravis. 
The autopsy revealed a local recurrence also. This makes, in all, 6 myasthenia 
gravis cases among 19 eases of thymoma; i.e., 32 per cent, a much loAver 
figure than in the series of Seybold and co-Avorkers‘® (75 per cent). The 
frequene 3 ’- of thymoma in myasthenia gravis is at least 15 per cent (Good-^), 
in a SAvedish series (Eingertz^^) the percentage Avas 33. Four of the 6 pa¬ 
tients AAdth myasthenia gravis in oiir material Avere Avomen Avith an average 
age of 49 AA'hile the tAvo men Avere aged 20 and 21. 

In all of oiir 19 eases, a mediastinal tumor Avas recognized roentgeno- 
logically. 

Tavo of the patients Avere ncA'er operated upon, in 1 case because the 
Avoman died of myasthenia gravis before the planned operation could be 
performed, and in 1 case, the patient died of agranulocytosis. In 1 of the 
17 operated eases, a biopsy Avas performed Avithout further surgery (due to 
an erroneous first diagnosis of limiphosarcoma), and in 1 myasthenia gravis 
ease AAuth pericardial infiltration and metastases, a radical removal Avas 
impossible. In the remaining 15 cases, the tumor Avas radically extirpated. 

The postoperative course in 11 of the 12 patients AAUthout myasthenia 
graAds, AA^ho Avere operated upon Avas AA'ithoiit remark, and 10 of them are 
Ihdng free from symptoms one-half to four and one-half j'^ears after the 
operation. One patient has died of unknOAvn cause and 1 bj'’ a traffic accident. 
Of the 5 patients operated upon Avith mjm.sthenia graAUs, 1 died postoperatively 
in respiratory insufficiency and 1 succumbed AAuth mjmsthenia gi’avis due 
to metastases (see aboAm). Of the remaining 3, 1 is quite symptom-free tAvo 
and one-half years after the operation, 1 moderatelj" impi’oved after three years, 
and 1 slightly improved after one-half year. 

THYJIIC CYSTS 

In the earlj^ literature, “thymic ej'^sts” Avere frequentlj’" reported in 
syphilitic patients, especiallj" in children Avith congenital NoAvadays, 

such lesions are rarely reported. On the other hand, a number of cj^sts 
claimed to haA^e ailsen from remnants of the thymic duet haA^e been described 
in recent j'cars. Kreeh and assoeiate.s®^ (1954) collected 13 such cases from 
the literature and added 2 of their OAAm. In a number of these collected 
eases, the cj'sts had a lining of high cjdindrical, even ciliated epithelium, 
stratified or squamous epithelium. Many kinds of ej'^sts may be located Avithin 
the thymic region; teratomas of epidermoid cyst type, bronchial cysts, and 
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cystic lyinpliaiigiomas In oui oininon, one must be seij caieful witli the 
clifecicntidl diagnosis One cjst m this senes sso Iiaio classed as thymic cjst 
because of the widelj distiihuted lasei of tlnniie tissue intli Ilassall s 
corpuscles suiiounding the thin fihious, endothelium lined wall Due to 
the fact, hmieiei, that spaise hundles of smooth museulatuie iveie present 
in the nail, ive suspect that this ivst might he an intiatloniic hmpliangioma 
It occuiicd in a man ol hi jcais ol ago iiith h\o jtais’ histoiv of oppiession 
and djspnta The e\st was of the si/e of a double fist, stalked liom the 
thjmio legion and piotiudcd into the light plcuial eaiiti The patient died 
fi\e years postopciatucK ot gastiic cuciiioma No aiitopsj was peifoimed 

TLB VTOM VS 

The mediastinum is, aftei the gonads, the most coiiimoii site ot teiatoma 
in the huniaii bods These neoplasms eoiistitiito a consideiablc piopoition 
of the mediastinal tumois and eists Rnsbj,‘“ in 1944, found 251 cases in 
the liteiature, and we ha\e seen at least 100 iiioie cases lofciied to aftei 
that jeai The aveiage peicontagc of tciatomas in the senes included in 
Table II is about 21, the tciatomas lanking second aftei the neiiiogenic 
tumors In oui inatciial, howevei, thev lank fouitli aftei the neiuogcnic 
gioup, bionohial cysts, and thymomas, with 10 3 pei cent 

The fiequencs of malignancy among the mediastinal tciatomas was 
13 pel cent iii Rusbj’s collected matciial Othei liteiatme compilations 
(Biewoi and co woiltois,'“ Laippl}’’) ha\c shown 12 9 and 114 jiei cent, 
lespeotuely In some rceont consceutivo senes, a highei peicentage is shown, 
eg, Hannei and associates’ (1952), 33 3 pei cent 

The so\ distiibution is c\en in the benign gioiip, but it is pointed out 
that malignant tciatomas piedominantly occur in men (Fialic and Welsmair“, 
1951, 8 males to 1 female) Jlost mediastinal tciatomas occui in >oung adults 
Aocoiding to Willis,'''' the aieiage age is 27 ycais Laipph’' states that 70 
pel cent of the patients aie joungci than 31 icais and Rush}” that in 
80 pel cent of the patients the age was between 10 and 40 jcais 

The majoiity of recent authois eoiisidci the genesis of mediastinal 
teiatoma to be associated with the dciclopmcnt ot the thymus (Sehlum- 
heiger,’' 1946) It is piohable tint all benign tciatomas aie tiidermomas 
Ilowovei, 111 most eases, the ectodnnial stiuctuies dominate so stionglj that 
only a eompiehensiie histologic examination leieals the othei stiuetiires 
Because of this fact, and then common gross apptaiancL of a cyst containing 
bans and sebaceous matter, they hayc often been called deimoid cysts 
The lelatnely high freipieiiey of eiidodcimal stiuctuies and, abo\e all, 
ot pancreatic tissue in the mediastinal tciatomas has been pointed out in 
the liteiatuie It is also stated that the malignant tciatomas in this legion 
lack cctodeimal stiiietiiies and that then epithelial component is piedomi 
nantly adeiioeaieinom itoiis The mcsodcimal striietuies aie mainly low diffei 
eiitiated, though occisionally islets of eaitilage and eysts of endodeimal 
type may occui Raie eases yyitli a piedoiiiiiiance of choiiocaicinomatous 
tissue have been described in males (Laipply and P' 33 T r> ( f- s 
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Our series contains 14 benign and 2 malignant teratomas, which gives 
a malignancy percentage of 12.5, which agrees with the figures of Rushy,” 
Bi’ewer and Dolley,^® and Laipply^^. 

The benign teratomas showed an even sex distribution (7 males, 7 fe¬ 
males), and an average age of 30. The location was the thymic region in 
10 cases, the pulmonary hilus region in 3, while the site in 1 ease was the 
costovertebral sulcus at the level of the third to the seventh thoracic vertebra. 
(This posterior location is rare, Rusby” reports only 3 such eases out of 
251.) The size varied between duek’s egg and melon, one-half of the .speci¬ 
mens being at least the size of a grapefruit. All the benign tumors wore 
well delineated and all but 1 had the gross appearance of a cyst with more 
or less pronounced mural nodule or nodules. The content was hairs and 
sebaceous matter in 10 eases, detritus only in 3. In no ease were any teeth 
observed. One tumor in the thymic region was polycj'^stic with solid tissue 
between the cysts. In 1 ease, there Avas a fistula between the cyst and the 
main bronchus; this patient had expectorated hairs and showed multiple 
pulmonary abscesses. 

Microscopically, 11 of these 14 tumors exhibited tissues from the three 
germinal layers in spite of the fact that the examination material Avas 
limited in several cases. In one Avell-examined ease, only meso- and endo- 
dermal structures Avere found. As the endodermal structures in this cystic 
tumor did not appear as Avell-organized gastrointestinal mucosa, Ave have not 
classed the case as gastroenteric cj'st. In 2 eases, endodermal structures Avere 
lacking, but in these cases the material Avas limited. The most common struc¬ 
tures Avere epidermal AAUth hair follicles, SAveat and sebaceous glands; but 
cysts lined Avith respiratoiy epithelium, and Avith smooth musculature and 
mucous glands in the Avail, Avere just as common. Cysts lined Avith epi¬ 
thelium of enteric type occurred in 7 cases, Avell-developed pancreas tissue 
in 3. Glia tissue Avas found only in 5 eases (36 per cent). Willis^® states 
that its frequency in all teratomas is at least 80 per cent. We Avere not 
able definitely to identify nerve cells in any case. Cartilage and bone Avere 
present in 6 cases. Striated musculature and pigmented epithelium Avere 
found, each in 1 case. 

Normal thymus tissue Avas found adjacent to the capsule in 6 of the 
eases, including 2 AAdth pulmonaiy hilar position. No doubt this phenomenon 
Avould have been noted more frequently if Ave had been able to examine all 
the tumors in toto. 

In 4 cases there were no symptoms, the remaining patients had a history 
of thoracic pains, dyspnea, and cough. In the bronchial fistula case, the 
patient had recuiTcnt pneumonia and had expectorated hairs. Most of these 
tumors are obviously sIoav groAving, 5 tumors—less than the size of a fist at 
operation—had been discovered three to eight years previously. 

All the tmnors Avere radically removed. One patient could not be traced 
aftei-Avard. All the others are living free from symptoms, 5 months to 10 
years after the operation. 

Our 2 eases of malignant teratoma occurred in men, aged 30 and 36, 
respectively. In both cases, the tumor Avas located in the thymic region, 
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henig about giapefuiit si/od, and sliouing a pionoiuiccd infalliative gioAth 
In 1 case, wlieie tlie ncoplasni could be noniaditallj ienio\od, its tissue was 
piedoiuiiiantlj solid, gitiMsb ulute and soit in consisienc> 

jMicioscopically, 1 of the cases picsentcd an eiitiielj dominating epithelial 
component of higlih malignaiit aspect, gioMing in festoons and adenoiiiatoiis 
stiuctuies The sjiaise connectnc tissue was loose, mjxomalikc, without anj 
eaitilage oi bone diffeientiation IIowe\ei, 1 small cjst with highly diftei- 
eiitiuted sriuamous epithelium was found The othci tmiioi also picsentcd, 
besides a low dilleieiitiatcd malignant epithelial pioliteiatioii, moie diftoientiated 
endo- and nteiodeim,!) stmetiue^, such as etsSv with ciliated cohimnai epi 
tliolimii, smooth musenlatuio, and nialuie coiincctiiD tissue 

Both iiatients had a picopciatiic liisloij of less than thiee months of 
pains, feiei, dispiica, and hcmouhagic cough In 1 case, the tiimoi was 
not ladicallj lemoied, in the othci, onlj a biopsy was pcifoimed Both 
patients died within si\ months aftci the opeiation 

’iiEDnsTivvL “mtoNcmin iulnomvs” 

AVe have iii this senes two specimens of mediastinal tiiiiioi which were 
moiphologically and elmically benign Thou histologie pictuic was, at least 
m most paits of the tissue, lei'j siinilai to that of hioiichial adenoma These 
tumors weie well encapsulated, laigc as a cocoanut, and the suigeou did 
not find any connection between the tumoi's and tlie bioiichial tree AVe 
have not been able to find any identical cases desciibcd in the liteiatuie 
Our matoiial contains 1 moie ease of epithelial tumor, definitely primalj, 
111 the tippei antoiioi mediastinum, but with a eleailj malignaiit histologic 
pietuie The stiuoture was, m tins case, in piinciple similai to that in cei- 
tain paits of one of the benign tnmois mentioned hefoie On the other 
hand, the epithelial component, giowmg m festoons and alveolar stiuctuies, 
pieseiited a pictuio ^ely siiinlai to this component of a malignant teiatoma 
As we weie unable to estahhsli oigaiioid featuies in any pait of this tumoi, 
we have not classed it as a malignant teiatoma hut piefei to look upon 
It as a histologically malignant vaiiant of the fiist menlionod tiimois 
AA’’o gi\e lieie a shoit leview of the findings m these 3 c.ises 


CASE m-POBTS 

Cisr 1 A xuao, agej a srx maiuhs’ preaperatn <? history of ttyspirea and severe 

cough Roeiitgenologicalli, j, hrge upjici interior nieili islinij tumor naa slioun TIio 
thoracotomy rcicalod a well enc ipsoUtcd growth, large aa a large giapefruit, adherent to the 
right lung, dislocating the heirt tun] the log vessels to the lett llie tissue was soft, solid, 
yellowish white with some ueemtie pilehes Tlie tunioi w is radically removed and tho patient 
13 free from symptoms live and one h lit years after operition Histology In some parts 
the tumor tissue was built up by inoiioniorphoua polyhedral qpitheliil cells with small rountl 
nuclei The cells were arruigeil ,n rounded (lusters encased by narrow streaks of \ iscular 
stroma 11,is picture was quite m,,,,! ,r to that of bronehial adenoma of (he caicinoid type 
(lig 1_, J) In other parts, the epitheli il clusters niergo into evtensive solid misses nene 
tralcd by stroma streihs (r.g II, No mitoses or any mliltiative giovvtl, in the capsular 
region were found ^ 

Casi 2—a woman, igcd 4 \ had no preopcntivo symptoms The tumor vv is disc over, d 
by mass racliogr i]ihy six nionthi, before operition Tho tumor wres lo, ,ie,i ii,.. ,. 
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posterior mediastinum and bulged into the left pleuial cavity behind the heart. It was 
uell encapsulated witli a coaisly nodulated surface. The interior tissue showed cystic de- 
geneiation leaving papillary nodules of tumor tissue next to the capsule. The grouth was 
radically removed and the patient was free from symptoms six years after operation. 
Histology: In some areas, this tumor presented the same picture as in the first case (see 
Eig. 12, B, and Eig. Ifi, A) but in other parts there was a peculiar structure with elongated 
cells showing a palisaded or rosette Irke nuclear arrangement (Eig. 13, E). 



A. B. 


Fig-. 12.—Case 1. Bronchial adenoma of the mediastinum. A, Solid clusters of tumor 
cells (carcinoid type) ; B, another part of the same tumor: diffuse cellular arrangement and 
sparse narrow stroma streaks, (van Gieson stain, X280.) 

Case 3. —A man, aged 39, after six months’ symptoms of progressive dyspnea and arm 
edema, had a large upper anterior mediastinal tumor discovered by x-ray. A puncture biopsy 
showed a malignant, predominantly epithelial tumor, possibly of the teratoma type. The 
patient was treated radiologically for two years and ten months. X-ray revealed a slow pro¬ 
gression of the growth, and due to the progressive dyspnea, it was decided to operate. At 
thoracotomy, more than three years after the first symptoms, an inflltratively growing retro¬ 
sternal tumor was found. It was as large as a coeoanut, and bulged into the right pleural 
cavity and invaded around the big vessels and into the pulmonary hilar region. The patient 
died postoperatir ely and the autopsy showed remaining tumor tissue in the liilar region but 
no metastasis. Histology: The solid tumor had a rmiform structure throughout. It was 
built up by epithelial cells growing in festoons and alveolar formations in a scanty loose 
nonrnyxoniatous stroma. Tliere was an evident cellular polymorphism and many mitoses 
(Eig. 14). The arrangement of the epithelial cells was rather similar to that in Case 2 (see 
Erg. 13, E). 

The pathogenesis of these tumors is difficult to interpret. They cannot 
possibly be exclusively centripetally growing bronchial adenomas, as none of 
them showed any anatomic connection with the bronchial tree. In Case 2, 
the gross aspect of the tumor might suggest the formation of an adenoma 
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Flff 13—'Case - Uronclilal adenoma of the mt Ijdbtinom A fejnic t>pe of tumor 
tissue as in tig 12 J7 B, Another part of the same tumor \Nith a rh>thmlu nuclear ar¬ 
rangement and formation of rosettes (\an Oicson stain x-SO ) 



—llallCTant niedi istlnal epithelioma probably belonging to the bronchial idenoma 
G^eson sta^n^ X‘’8'o)^” sitmlanty in tie cellular arrangement to that in Pig 13, B (van 
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in a bronchial cyst, but histologic examination did not reveal any rest oX 
bronchial cyst wall in the periphery. Possibly these tumors are teratomas 
with a one-sided differentiation, in which only a tissue, derived from the 
embryonal bronchial anlage, has been developed. Such an interpretation 
would explain the fact that the picture in Case 3 is so very similar to the 
epithelial component in malignant mediastinal teratoma. 

BRONCHIAL CYSTS 

These cysts are rather common mediastinal growtlis. Dodds^^ collected 
85 cases in the literature up to 1950, and after that time at least 10 cases 
have been published. In the combined series recorded in Table II, they 
rank third after neurogenic tumors and teratomas. They occur character¬ 
istically in the posterior mediastinum at the level of the tracheal bifurcation 
and pulmonary hilum. On the basis of their location, Maier^^ has classified 
them into four groups; paratracheal, carinal, hilar, and paraesophageal. 

The oz'igin of bronchial cysts has been attributed to displacement of 
embryonal tissue. They are thought to arise from an additional budding 
of the foregut, equivalent to the respiratoiy anlage, which is carried do^vn 
into the mediastinum. Thus, their development should relate them to accessory 
lobes of the lung. 

Only a few of the cases reported in the literature have shown bronchial 
communication (e.g., one of AllisonV eases). Laipply®^ is of the opinion 
that such eases are bronchial diverticula and not real malformation cysts. 

In our series, we have classed 21 specimens in this group. Nineteen of 
them presented the classical picture of bronchial cyst whereas 2 were multi- 
cystic formations with a structure resembling a malformed embryonal lung. 
We have not been able to find any eases in the literature similar to this 
latter group. 

The 19 first mentioned cases occurred in 12 men and 7 women, whose ages 
ranged between 16 and 52, Avith an average age of 37 years. All but 4 were 
located in the posterior mediastinum. Eight cysts were located above, 5 below 
the level of the pulmonary hilum, and 6 in this level. As many of the cysts 
were fairly large, we found it difficult to group all of our cysts according to 
Maier’s system. However, one was definitely paratracheal, three carinal, and 
six hilar. Their size varied between that of a hen’s egg and a melon, 8 being 
at least grapefruit sized. Grossly, they Avere unilocular, thin-Avalled, the con¬ 
tent being either clear, mucinous or broAvnish, or detrituslike (often mistaken 
by the surgeons for dermoid cysts). In 1 case, the cyst presented a narroAV 
communication AAuth the bronchial tree. We do not consider this goose egg 
sized cyst to be a bronchial diverticulum, especially as irregular patches of 
cartilage occurred in its Avail. 

The microscopic picture is characteristic, shoAving a lining of Avell-developed 
respiratory epithelium, often, in small areas, shoAving metaplasia toward 
squamous type. The thin fibrous Avail ahvays contains streaks of smooth muscu¬ 
lature and mostly mucous glands. In 5 of our cases, irregular patches of adult 
cartilage Avere found in the Avail. In 3 cases, Ave found small accessory lumina 
Avith respiratory epithelium included in the Avail. 
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In S of our 19 eases (42 per cent), llic cyst liad not caused any symptoms 
and had been discovered by mass radiography (moie than fne years before 
the operation in 6 of these 8 eases). This percentage tallies well with Iliisch- 
feld’s statement that 60 per cent of the bronchial cysts give symptoms. In 
the other 11 cases, there was a preoperative cour.se of up to .si.\ yeans with slight 
troubles, mostly cough, dyspnea, and oppression. All the patients had radical 
operatioirs performed and are alive and well, ten moiitlis to ten years after 
the operatioir. 



Fiff rs—Ilocntgenoaram of a malformation tumor of tho "lung anlage" typo. (See Fig 17 ) 

The 2 multicystie specimens, mentioned previously, arc very interesting, 
beeairse they confinn the ocourrenec hr this regiorr of cysts s\ith a structure 
resembling that of an embryonal lung. This is in coitsorrance witlr tho theory 
that bronchial cysts develop from air aecessory pulmonary anlage. They 
occurred in one man and one woman, aged 20 and 32, respectively. They had 
both the same location, superiorly in the costovertebral sulcus, one plum and 
one grapefruit sized (Fig. 15). They were separated from the lung and showed 
no conrmirnication with the bronchial tree. Grossly, those formations were well 
encapsulated, the out surface having a honeycombed appearance uifir multiple, 
small cysts. Microscopically, the 2 specimens seemed to reproduce different 
stages of tho embryonal pulmonary development. Thus, in tho small one the 
stroma tissue was built up by fibrous tissue and smooth musculature (Fig. 16). 
Encased in this tissue were multiple, small, elongated, and often bifurcated 
lumina lined with rather large, ouboidal, or low cylindrical iioneiliated cells, 
resembling the cells in the early embryonal broneliial buds. No mucous glands or 
cartilage was present. The other specimen represented a more mature struc¬ 
ture (Pig. 17). Here the cystic spaces were larger and eorered by a mature 
respiratory epitlioliuni. The fibrous stroma contaiired abiuidant streaks of 
smooth museulature often eoncentricaily arranged around the cystic spaces. 
In this case, thei'c was no admixture of cartilage or mucous glands, although 
the epithelium often eontained mucous vacuoles. 
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In both these cases, the tumors grew slowly and without symptoms, and 
were discovered by mass radiography (in 1 of the cases, 9 years before the 
operation). They were easy to remove radically. The woman is alive and 
well five years after the operation. The man, however, (with the specimen 
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of more adult type) developed a rapidly growing testicular tumor five months 
after the operation which was extirpated and showed the typical picture of 
seminoma. lie died with signs of metastases seven months later. Unfortunately, 
no autopsy was poi'formcd. AVe feel strongly that the mediastinal affection 
with its definitively benign structure was in no way related to the malignant 
testicular tumor. 

PERICAKDIAL CYSTS 

A fairly largo number of thin-walled cysts with endothelial lining and a 
location close to the pericardium have been classed under this heading in the 
literature. Thus, Ilirsehfeld,-" in 1951, was able to collect 72 such cases. 
Occasionally, these cysts show communication with the pericardial .sac. In 
such cases, it is almost impossible to differentiate between pericai-dial diverti- 
eulimi and real malformation cyst, due to deficient fusing of the primitive 
celomic lacunae, moreover, some authors (e.g., Lambert,’* and Leahy and 
Calver”) consider pericardial cysts and diverticula to be the same thing. 

It may also be difficult to differentiate between pericardial cyst and 
Ij-mphagioma. Grossly, these two growths may ho very similar. However, in 
our opinion, it is possible to separate them microscopically, because the 
lymphangiomas nearly always have streaks of smootli musculature and small 
lymphocyte infiltrates in the walls. AVc also feel that the lining cells in 
pericardial cysts, at least in patches, are euboidal rather than flat endothelial. 
In the combined materials, presented in Table II there are I.C per cent 
lymphangiomas and 10.4 per cent pericardial cysts, whereas in our series the 
figures are 4.5 per cent and 3.9 per cent, respectively. AVe suspect that some 
of the pericardial cysts frequently reported in the literature really are 
lymphangiomas. 

Our series contains 0 cases, 4 men and 2 women with ages ranging between 
31 and 56, in average 41 years (Hirschfeld’' found no case in the literature 
younger than 27). The cysts were all located in the anterior inferior 
mediastinum, in 4 cases on the right and in 2 on the left side of the pericardial 
sac. The largest cyst, right-sided, measured about 24 by 20 by 20 cm., the 
smallest one was the size of a hen’s egg. In one case, the c.vst showed a 1 cm. 
tvide pericardial commumcatioji. In another case, there was a small cyst which 
stalked from the main one. All the cysts contained a clear nonrlscous fluid 
and had a thin, purely fibi-ous wall rvith a lining of single row of euboidal or 
flat cells. 

In 5 of our 6 cases, there were no preoperative symptoms, the cysts being 
discovered by mass radiography (Hirsehfeld’“ reports a symptom-free pre¬ 
operative course in 39 of his 72 literature cases). Our remaining case had a 
sLx mouths’ histoiy of severe cough and slight pains. All the cysts were 
removed radically and all the patients were alive and well, three montlis to 
seven years after the operation. 

UNDEFINED CYSTS 

Our series contains 4 cases -nith cystic affections in the upper anterior 
mediastinum, where we have not been able to classify the specimens definitely. 
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in spite of the fact that the histologic material was rather extensive. One of 
these specimens, a grapefruit-sized multicystie formation removed from a man 
aged 58, could possibly be a so-called “burned out thymoma” (Blalock®). This 
patient had no signs of nijmsthenia gravis at admission or in the history. In 
2 other cases, the cysts, about the size of a hen’s egg, had a thick fibrous wall 
with eholesterin granulomas but without any epidermal or other organoid 
structures. However, we cannot exclude the possibility that they are adult 
teratomas of the “dermoid cyst” type with sti’ong regressive changes. The 
last specimen, large as a mandarin orange, had a thin, fibrous wall with rather 
abundant lymphocyte infiltrates but lacked entirely epithelial or endothelial 
lining. 

SUnMARY 

This is a survey of 155 patho-anatomieally verified primary mediastinal 
tumors and cysts, treated at the Clinic of Thoracic Surgery at Sabbatsberg 
Hospital during the period 1944 to 1954. Table I gives the composition of the 
material, and on page 458 the mediastinal affections, excluded from or 
missing in the series, are recorded. A comparison between the composition of 
this series and those of some previous investigators is given in Table II. 

Not less than 61 per cent of these tumors and cysts were discovered by mass 
radiography, and Fig. 1 gives the relation between the frequency of mass 
radiography in Sweden and the number of growths in this series, thus dis¬ 
covered. 

Location, gross anathomy, histology, age and sex distribution, clinical 
course, and the result of follow-up are recorded. 

This series includes a number of rare tumors, some being difficult to 
classify and the investigation has in certain details given results, partly new 
and partly disagreeing with previous experience. Thus, all the 3 cases of 
ganglioneuroblastoma ran a benign course, wliich does not tally with the 
findings of, e.g., Ackerman and Taylor.^ Among tlie hemangiomas (recorded 
on page 468) there is 1 case of hemangiopericytoma and another peculiar 
melanin-pigmented specimen, possibly a neixrovascular malformation. The series 
includes 1 ease of plasmaeytosarcoma Avith no sigms of multiple myeloma. 

All tumors classed as thjunomas have been diagnosed in accordance Avith 
the restrictive definition given, among others, by Seybold and associates,^® and in 
no ease Avere there signs of extrathoracic metastasis. Only 32 j)er cent of the 
thymoma patients had myasthenia gravis (Seybold and co-Avorkers^®; 75 per 
cent). 

The material includes 2 tumors, quite uiAConnected Avith the lung or 
bronchial tree but Avith a structure veiy similar to that of bronchial adenoma 
(Figs. 12 and 13). In another similarly located, infiltratively groAving tumor 
the microscopic picture Avas a malignant counterpart of the former (Fig. 14). 
The possibility is emphasized that these tumors are teratomas Avith a one-sided 
development, arising from the bronchial anlage. We have not been able to 
find any identical case in the literature. 

Besides 19 cases of classical bronchial cyst, the series includes 2 multicystie 
specimens located in the costovertebral angle and Avith a structure similar to a 
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lung anlage (Figs 16 and 17) The occuiience o£ sueli mcdiabtinal maltoima 
tions IS in consonance I'ltli the thcoij that bronchial ojsls deieloii lioin a 
pulmonary anlage AVe ha\e not seen an^ identical cases in the lileiaturc 
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FIBEOUS DYSPLASIA OP BONE: ANALYSIS OP 15 CASES OP 
SUECICALLY VEEIPIED COSTAL PIBEOUS DYSPLASIA 

James P. Zimmer, M.D.,* David C. Dahun, M.D.,''^* David G. Pugh, M.D.,’^** 
AND 0. Theron Clagett, 

Eo CHESTER, Minn. 

F IBEOUS dysplasia of bone is characterized by the occurrence of one dis¬ 
crete skeletal defect, or of a few, or numerous such defects. Brown-to- 
yellow patches of cutaneous pigmentation may accompany the bone lesions, 
especially in severe disseminated fibrous dysplasia. When, in addition to 
cutaneous pigmentation, patients having polyostotic fibrous dysplasia show 
signs of endocrine abnormalities, especially precocious puberty among girls, 
the condition is commonly referred to as “Albright’s syndrome.”^ Excluding 
the 67 cases collected in the armed forces,- no sex predilection of fibrous 
dysplasia has been observed. The etiology of these bone defects is unknown; 
the weight of evidence indicates that they are due to a congenital anomaly in 
which the activity of the specific bone-forming mesenchyme is perverted.® The 
cause of the extraskeletal lesions is equally obscure. The disease usually ap¬ 
pears early in life and progresses most actively during the patient’s growth. 
The long-standing confusion of polyostotic fibrous dysplasia with the bone 
lesions of hyperparathyi’oidism should rarely be a problem when one considers 
• the diffuse demineralization, chemical changes in blood, renal lithiasis, and the 
older average age of iiatieiits having hyperparathyroidism. 

When a single bone only is involved, the lesion is called “monostotic,” 

' even though the defects occasionally are multiple. It is difficult to reach an 
J accurate figure concerning the relative frequency of the monostotic as com¬ 
pared to polyostotic lesions. The literature is likely weighted in favor of the 
more dramatic full-blown examples of Albright’s syndrome. Furthermore, 
total skeletal roentgenograms Avould be necessary to establish the authenticity 
of the lesions reported as monostotic. The consensus is that the solitary lesions 
are more common. Berger and Jaffe^ have said that for each patient having 
fibrous dysplasia with full-blown Albright’s syndrome there are 20 or 30 
patients who have fibrous dysplasia with only one or a few bones involved. 

The cutaneous pigmentation is owing to an increased deposition of 
melanin in the basal layer of the epithelium. These single or multiple brown- 
to-yellow discrete areas may be of any size. In the review of 256 eases by 
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Piitchard," pigiuLiitdtion ■\sas rccoidtd ill 79 mstdiiecs, although it was not 
mentioned in any of the G7 monostotic eases contiibuted by Schlumbeigci ' 
Pigmentation is much moic likely to occui with soveie polyostotic fibious 
dysplasia, especially if eiidoeiiiie abnoimalities aie piesent, than with the 
monostotic foim, although it has been obseiied in association with the lattei 
foi 111 

Eiidocnne clfeets oecui mueli moie tomiiioiily among women than among 
men with polyostotic fibious djsplasn Piccocioiis sexii.il deiclopmeiit was 
obseived iii 37 women and 5 men, oi 1G4 pei cent of the senes leiiewed by 
Piitchaid Pieiiiature meiistiiiition, caily deielopment of seeoiidaiy sexual 
chaiacteiistics, and preinatuic fusion of epiphyses lesulting iii adults of small 
statiue aie the common fcatiiics Kaicly aie letaidatioii of pubeity and hypo 
genitalisiii“ exhibited in eithei sox Iljpeithyiodism seems to ocelli with 
extiaoiduiaiy fieiiueiiey among patients iiith poljostotic fibious dysplasia, a 
total of 6 uncquiioeal examples of this association having been obseived bv 
1951* 

A rathei special tjpo of fibrous djsplasia occiiis iii j iwboiics* and in 
bones at the base of the skull The fibious tissue of lesions in these icgions, 
especially m the skull, tends to show imieh more metaplasia to bone than it 
does in other sites This often pioduces rocntgenologieally dense, expanding 
lesions that are iiioie oi less heavily caleificd Many lesions of this type have 
been called “ossifying fibromas” and even “osteoni.is ” The veiy appiopiiate 
term, "fibre osseous dysplasia,” has been suggested in these cases Beigei and 
Jaffe considei that in about 10 per cent of the cases of monostatie fibious 
dysplasia, the lesions oeeiu in bones of the head, and one half of the patients 
with polyostotic fibrous dysplasia will have one oi inoie lesions in bones of 
the skull Much evidence indicates, fuithernioic, that the condition ineliided 
under the desciiptive toim “leontiasis ossca”'* is due to fibious dysplasii of 
bones of the skull and face Some woikcis'" also considei “cheiubism” to be 
a manifestation of fibi ous dysplasia 

Any bone may be affected in fibious dysplasia Seveial aiitliois have 
stiessed the oecasional tendeiiey foi the polyostotic lesions to be confined to 
one side of the skeleton In the collected sciies of all types of fibrous dysplasia 
leviewed by Piitclnid, he tabu! itcd the distiibiition of lesions as follows 
lower limbs, 118 cases, iippei limbs, 87, skull, 52, face, 31, and ti unk bones, 49 
Schlumbergei noted that a rib was the site of inv oh ement in 29 of 67 isolated 
lesions diagnosed ns fibious dysplasia of bone Moie lecently llochbeig” h is 
found that, iiieludiiig Schlumbei gci’s gioup of 29 cases of fihious dysplasia, 
the total of 35 cases eompiised one thud of all cases of benign costal tumois 
which he found repoited m the liteiatuie 

The lelatively high fiequeney of costal involvement in both monostotie 
and polyostotic fibious dysplasia makes this lesion of significance to the geiiei al 
suigeon The lesion is often asymptomitie and discoveied on loutino loent- 
genogiams of the thoiax, vvheieupoii a decision legaiding theiapv must be 
made Foi these leasoiis a study of oiii suigically veiified costal lesions of this 
type was undertaken 
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PRESENT SERIES 

A review of the series of surgically treated costal tumors at the Mayo Clinic 
showed 15 examples of fibrous dysplasia. Thirteen of these lesions were excised 
intact along with the involved segment of rib, and curetted fragments were ob¬ 
tained in the other 2. The markedly selected nature of these cases limits their 
value in understanding fibrous dysplasia as a whole. In most cases of polyostotic 
fibrous dysplasia, costal lesions have not been treated surgically. For example, 
in the report on Albright’s syndi’ome from the Clinic by Dockerty and asso¬ 
ciates,^" 4 of 6 patients whose cases were presented had costal lesions which were 
not subjected to operation. The surgically excised costal lesions afford a unique 
opportunity, however, to study intact gro.ss specimens, since the average fibrous 
dysplasia of other bones is usually excised piecemeal with a eurette if removed 
at all. 

Ac/e and Sex .—The ages of the 15 patients varied from 18 to 65 ycai's, and 
12 of them were more than 30 years of age. The relatively advanced age of this 
group is partially explained by the fact that the lesions were accidental roent- 
genographie discoveries in 7 instances. Several of the other patients had had 
symptoms for a long period. Eight patients were women and 7 were men. 

Clinical Features .—Three patients had noted some thoracic discomfort for 
periods of ten to fifty years; 5 had had thoracic pain or soreness for periods 
ranging from one week to four years, and 7 had not had any symptoms. Patho¬ 
logic fracture had occurred in only 1 case. 

Physical examination was noncontributory in 10 cases, although in 1, the 
patient had had multiple subcutaneous lipomas over the surface of the thorax 
and abdomen. Three patients had palpable enlargements or irregularities of 
the affected ribs and local tenderness was present in 2. Patches of cutaneous 
pigmentation were not recorded in any case of this series. 

Uoentgenographic Findings .—A frequent manifestation of fibrous dysplasia 
^of the ribs consists of moderate expansion of a long segment of the rib with the 
S' affected bone having a uniform ground-glass appearance so that the cortex and 
spongiosa cannot be distinguished. This type of fibrous dysplasia does not 
have a cystic appearance and often more than one rib is affected. The cor¬ 
rect diagnosis is usually quite obvious and the patients seldom undergo opera¬ 
tion for the condition. For that reason no patients having lesions of this type 
are included in the group that underwent operation. 

The roentgenograms revealed the bony defect in each ease. The character¬ 
istic lesion produced expansion of the rib with an irregularly attenuated, 
though intact, cortex. The expansion was usually toward the thoracic cavity 
so that even when the lesions were large the tumor often was not evident 
externally. The expanded portion was basically radiolucent but frequently 
appeared trabeculated and .showed a fuzzy, patchy type of density. The ends 
of the affected zones Avere sharply demai’cated from the uninvolved portions of 
the rib. The ribs with long zones of fibrous dysplasia became distorted in con¬ 
tour and expanded to variable degrees so that the normal parallelism to ad¬ 
jacent ribs Avas lost. In lesions Avith classic roentgenologic findings, the 
diagnosis of fibrous dysplasia can be made Avith considerable certainty. In 



Fie 2 —Fibrous dysplasia of long segment of left fifth rib 
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some cases, however, the roentgenologic defects may be mistaken for lesions 
such as central cartilaginous tumors, or myeloma, or eosinophilic granuloma 
(Figs. 1 and 2). 



hjTnfrflniihnthmfrnfWrnnMTnrlriTH 


Fig. 3.—Surfaces produced by longitudinal section of the lesion shown in Fig. 1, a and b. 


J! 



Fig. 4.—Only slightly expansile, partially cystic fibrous dysplasia of left fifth rib (same case 

as Fig. 2). 

Fibrous dysplasia was apparently polyostotic in 3 of the 15 patients. One 
patient whose diagnosis was verified by biopsy had similar defects in two other 
ribs and a radiolucent area in the ilium. Another patient with expanding 
lesions of a rib and the transverse process of a lumbar vertebra was thought 
to have myeloma until the affected rib was curetted for biopsy. One patient 
with similar defects in two ribs had 1 of the lesions removed. 
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Pathologic Asjjccts.—The specimens removed (Figs. 3 and 4) varied in size 
from 5 by 1 by 1 cm. to 19 by 6 by 5 cm. They were uniformly central, c.'ipand- 
ing, fibrous rausse.s. The e.xpanded costal cortex shou'cd irregular thinning, 
and its internal surface frcciucntly exhibited corrugations, the shadows of 
which sometimes appeared as septa in the roentgenograms. Partially calcified 
osteoid masses in the fibrous tissue of 10 lesions imparted a gritty cliaracter 
to the cut surface. Cystic areas, which measured as much as several centi- 


PlB. 6. 



Fib 0 . 


Fig. 5.-—Typical flbrobUistic tissue containing IncuuJai islantls of ne\v bone 
near one end represents the distended cortical shell. (Hcmatoxylir 
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meters in diameter in tlie larger lesions, Avere i^resent in 6 eases. In 2 in¬ 
stances, the cysts comprised more than one-half the bulk of the area of 
dysplasia. Three specimens contained broAvn zones OAving to deposits of 
hemosiderin. Although fusiform expansion AA'^as the usual gross configuration, 
1 lesion iiiAmlved 17 cm. of a rib but the rib had expanded to a maximum 
of only 1.5 cm.; another rib Avas distinctly dumbbell-shaped A\dth tAvo globular 
expansions connected by an isthmus of fibrous tissue. In all cases, the 
dysplastic tissue Avas distinctly demarcated from the adjacent normal bone. 

The histologic features of fibrous dysplasia liaA’^e been Aveli documented. 
Briefly, the flndings in this series (Figs. 5 and 6) Avere as folloAvs: fibroblasts 
lying in a more or less dense collagenous matrix dominated the picture. The 
cellularity varied greatly from lesion to lesion and to a less extent in different 
portions of the same lesion. All lesions contained zones in' Avhieh irregular 
osteoid masses had been laid doAvn in the fibrous matrix. Slight to moderate 
calcification of these osteoid trabeculae usually had occurred. The amount of 
osteoid trabeculae Amried considerably, and in seA^eral lesions central areas 
contained little or none. As pointed out by Schlumberger, these trabeculae 
AAdiich aid greatly in making the diagnosis tend to be most prominent in the 
peripheral zones. Cartilaginous zones AAmre not foiind in any of the lesions. 
Focal collections of hemosiderin, usually AA'ithin macrophages, Avere found in 7 
lesions and, as already noted, they Avere prominent enough to produce grossly 
A'isible broAvn zones in 3. Benign multinucleated cells Avere present in 8 
specimens and in seA'eral instances thej’’ AA'ere numerous enough in foci to simu¬ 
late giant-ceU tumor of bone superficially. Jlyxomatous changes AA^ere found in 
parts of the fibrous tissue of 7 of these costal tumors. This degenerath-e change 
apparently preceded cystic formation because it Avas especially prominent in 
the vicinity of gross and microscopic cysts. Infiammatory cells AA'ere rare; foci 
of lymphocytes and plasma cells Avere found in 1 lesion. 

GOAIIIENT 

This series of eases of fibrous dysplasia of ribs emphasizes some of the 
features of this peculiar groAvflh anomaly. Cystic formation may be a promi¬ 
nent pathologic characteristic of the gross specimen, and in rare instances, the 
dysplastic zone may be predominantly cystic. Although chondroid foci Avithin 
the lesional tissue haA’-e been considered to gh'^e an important diagnostic clue 
in many cases of fibrous dysplasia,^® their complete absence in this series is note- 
AAurthj’-. 

The indolent nature of the pathologic process in this disease is suggested 
by the fact that no symptoms had been produced in 7 patients and several 
of the remaining 8 had had but slight difficulty for many years. 

Once one is familiar A\ath this entity the diagnosis is rarely difficult. The 
metaplastic osteoid trabeculae haA^e a characteristic appearance and are not 
formd in nonosteogenie fibroma. The lack of cellidar anaplasia precludes the 
serious consideration of any malignant process. The collagen production in 
fibrous dysplasia contrasts AAuth the lack of such prodiiction in diagnostic fields 
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of a gidut-cell tumor of bone, and this fact alone sliould difteiciitiate the two 
conditions The lesions with huge cjslie areas may cause some confusion, but 
even in these the eential cviiansilc chaiaetei ot the piooess as ohseived loent 
gonologieally and grossly, eouphd uith histologic ciidence fiom the solid aieas, 
oidmaiily soKes the piohlcms 

Regal ding tieatmeiit of fihious dysplasia ot iihs, theie may he some dis- 
agieemeiit In esamples of the polyostotic foim of the disease, costal lesions 
laiely mil icquiie tieatment With single oi onlj a tew lesions, the phisieian 
may not he absolutely ceit.iin of the diagnosis uithout pathologic study In 
such cases, a plea should he made for total excision of the iinoKed legions it 
at all feasible Such suigieal maiiagcnicnt uoiilel help to prevent contamination 
of the wound by malignant tissue if the' lesion pioves to be malignant The si/e 
ot the lesions ot sevoial ot out patients eonstitutcd adcipiate indication toi le 
moval Ifalignant ehange in fihions dvsplasia has been ohseived so laicly’^ 
that this threat can seaicelj he consideied an indieation toi suigieal intei 
V ention 

SUMM Vll\ 

Pillions dysplasia of hone is ehaiactcii/cd by the oociuienee of one, a few, 
01 nutueious desciete skeletal defects The lesions most commonly aie limited 
to one hone in vvhieh case the oondition is known as the “monostotic” tjpe IIovv 
ovoi, there aie cases in which disseminated skeletal lesions Imve been associated 
with endocrine abnoimabties and aicas ot pigmented skin The etiology of the 
hone defects is unknown, howevoi, the weight ot evidence indicates that the de¬ 
fects aie caused by a congenital aiiomalj in which tlie activity of hone foiiiiiiig 
mesenchyme is peiveitecl The cxtiaskclctal lesions liave an ohscuie etiology 
also It is a disease of eailj life and piogiesses most actively duiiiig the 
patient’s giovvth Fihious dysplasia may affect any hone The fiequeiicy of 
costal involvement is lelatively high, which makes this lesion sigiiifioaiit to 
the geneial suigeon The lesion is often asymptomatic, eliseoveied on a loutinc 
loentgenogiam of the thoiax, and a decision icgaiding theiapj must he made 
Por these leasons a study of our surgically veiificd costal lesions was iindeitaken 
Oui study included 15 cases of fibrous djsplasia of iihs The ages of the 
patients laiiged fiom 18 to G5 >cais Eight patients weie women and 7 weie 
men Clinical signs and sjmptoms vvcic few Thiee patients complained of 
thoiaeic discomfoit, 5 of thoracic pain oi soieness of a mild iiatiue, and 7 
weie flee of symptoms Ten iiatients had no physical signs, 2 had local sole 
ness, and 3 had noted some eiilaigeineiit ovei the affected iih A loentgeno 
giam of the thoiax levealed the lesion in each case The lesions weie found 
to be unifoimly cential, expanding fihious masses, langing in size fiom 5 by 1 
by 1 cm to 19 by G h> 5 cm The expanded coitex of the iib show ed iiiegnlai 
thinning The internal surface of the cortex otteu exhibited eoiiugations, the 
shadows of which appealed as septa in the loentgeiiogiams Paitial calcifica¬ 
tion makes the lesion gutty and cystic areas weie found in 6 eases In all 
cases the dysplastic tissue was distinctly deiiinicatcd fiom the adjacent iioimal 
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bone. The main histologic feature is fibroblasts lying in a more or less dense 
collagenous matrix. The pattern is irregular, however, since the cellularity 
varies and regions of osteoid trabeculae and calcification may be found. 

The diagnosis of this condition is not difficult if one is familiar with it hut 
some disagreement exists regarding therapy. In examples of the polyostotic 
form, costal lesions rarely require treatment. If only a single lesion or a few 
lesions are present, pathologic study may be necessary before a positive diag¬ 
nosis can be made. Therefore, a plea is made for total excision of the involved 
portion if at all possible. 
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IIEREDIT.VRY nClIOREIIAGIC TELiVNGIECTASIA 
Rcpoui 01 v. Cvsr AVitu Hi moiiiori\ 

Shields 0 Livi^gsion, M D ,® inuRouhuE Cvrr, ME*® 
Mc1CinnI'\, Tews 

M ASSWE lieiiiotlioia\ in a patient laiomi to have heieclitaiy hemoiihagio 
telangiectasia (Oslei-Rendu AYcbei disease) has been pieiioiisly lepoited 
only once AVe eneoiintciod this complication in a 44 yeai old man Its laiity 
and the difficult problems involved in its mauagcniciit hate piompted this le 
poit 

The fiist dtsciiption of heicditaiy telangiectasia was wiitteii in 1865 
uheii Babmgton' gate an account of leeuiicnt cpista\is thiough 5 geneiations 
of a family Ihe eases lepoited by Sn AVilliam OsleG ’ established the disease 
as a definite entity Dm mg the past fifty ycais, hundreds of case lepoits have 
appealed and moie than 150 families have been desciibed Bleeding fioni 
praotieally every oigaii has been lepoitcd ni this disoidei Other diseases 
have been descubed in association ttitli heieditaiy telangiectasia but pul- 
monaiy aiteiiovenous fistula is the only associated disoidoi commonly seen 
lloie than one half of the pulmouaiy aiteiiovenous fistulas leported to date 
have been m association with heicditaiy telangiectasia 

The name, heieditary hemoiihagic telangiectasia, fiist used by Hanes^ 
111 1909, desciibes tliiee of the ciitcria foi diagnosis The tiiad of telangiectases 
of the skin, mucous membianes, oi visceia, a tendency to bleed fiom these 
lesions, and a family histoiy of intermittent hemoiihages is stiong evidence 
foi the disease If, in addition, the patient has a noimal clotting meehamsm, 
the diagnosis is established The chief obstacle to diagnosis is the failuie of the 
physician to think of the disease These patients almost miaiiably complain 
of epistavis which usually begms near pubeity and lecuis fiequently theie 
aftei Blood dyserasias aie easdy luled out by laboiatoiy studies A careful 
seal eh of skin and mucous membianes will leveal the lesions Bronchoscopy,'' 
gastroscopy, oi pioetoscopy” may show telangiectases of the tiaoliea, bionchi, 
stomach, on ectum 

The lesions of heieditary telangiectasia may be located on the suiface or 
in the paienchyma of any oigan The visible telangiectases may be pm-pomt 
and flat but aie usually seveial millimeters ui diametei and slightly elevated 
Then coloi vanes from cheiiy led to puiple Those on the mueous membianes 
and skin usually appeal near the age of pubeity but hai e actually been noted 
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at birth. Spider-like telangiectases are also frequently present. The absence 
of pulsation distinguishes these spider angiomas from those seen in liver 
disease.^ Bleeding from viscera usually does not occur before the third decade 
of life. There is a tendency for new telangiectases to appear with increasing 
age. These nodular lesions blanch readily and may jjiilsate. Microscopic study 
shows vascular sinuses of irregular size and shape, lined by a thin layer of 
endothelium. Muscular and elastic coats are absent. Because of the thin 
walls and proximity to the surface, these sinuses bleed readily with slight 
trauma apd, because of the lack of contractile elements in the wall, bleeding 
may not cease spontaneously. 



Fig. 1.—Typical lesions of hereditary hemorrhagic telangiectasia on lips and tongue. 

Descriptions of the pulmonary arteriovenous fistulas found in this disease 
show them to be anatomically similar to the peripheral telangiectases. They 
are large sinuses interposed between arteries and A'^eins. The afferent artery 
and efferent vein are usually dilated and thin walled. The danger of massive 
hemorrhage into the pulmonary parenchyma is ever present. In over one-half 
of the eases, the pulmonary arteriovenous fistulas are multiple. Goldman® be¬ 
lieves that all congenital pulmonary arteriovenous fistulas are a localized mani¬ 
festation of generalized hereditary telangiectasia. 

Hereditary telangiectasia is transmitted as a simple dominant trait and 
affects both sexes. The children of a family in Avhich one parent is affected, 
therefore, have a 50 per cent chance of inheriting the disease. Often the lesions 
are confined to the mucous membranes of the nose and mouth and epistaxis may 
be the only symptom (Fig. 1). In general, the earlier in life the telangiectases 
make their appearance the Avorse the prognosis. 

The only ImoAvn report of a child born to parents Avho Avere both afflicted 
Avith hereditary telangiectasia described the appearance of ncAV telangiectases 
daily rmtil death at less than 3 months of age.** The probability of such a lethal 
form of the disease in a child of parents Avho are both affected is one in four. 
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The predominant symptom of hereditary telangiectasia is recurrent painless 
hemorrhage. Epistaxis is such a consistent manifestation that one should 
question the diagnosis if the patient has no history of epistaxis. When bleeding 
is from a visible nodular lesion it may be seen to eome in spurts. Bleeding may 
occur m the mouth, nose, stomach, bowel, kidney, bladder, liver, spleen, brain, 
or meninges. Some have noted an increase in si/.e of the telangiectases and 
tendency to hemorrhage during menstrual periods.'” Campbell" suggests that 
many cases of “essential hematuria” are really due to hemorrhagic telangiectasia. 
We suspect that the same is true of “spontaneous hemothorax.” ilassivo pain¬ 
less gastrointestinal bleeding is very common.'* The bleeding may lead to signs 
of anemia but this is frequently masked by the polj'cythemia which is an ac¬ 
companiment of arteriovenous fistulas. Patients may, therefore, have a normal 
or high hemoglobin even after a hemorrhage."' Others alternate between 
polycythemia and a maiked anemia." Cyanosis, shortness of breath, clubbing 
of fingers, and a bruit are common in this group. Fatal hemoptysis from such 
a fistula has been reported.'” 



---1. Hocntgtnogram on admission to another liospital showingr opacitj of left 

lieinitliorax of duid density with siigiit displacement of the heart to tile nglit. B, Roentgeno- 
giam on admission to Veterans Administration Hospital. McKinney. Texas, slioning opacity 
of lower half of left clicst with cursed line typical of duid 


Treatment with rutin, irradiation, estrogens, ascorbic acid, moccasin venom, 
vitamin K, and other drugs has given poor results. Oral thrombin appeared to 
be effective in a ease of massive bleeding from multiple telangiectases of the 
small bowel.'” Because of the tendency for lemissions and exacerbations in 
the hemorrhagic tendencies the evaluation of any therapy is difficult. 


CASE KEPOKT 


The patient uus a 44-.>ear old laborer, who had a sudden 
and loft chest pam on Teb. 5, 11)02. Ho was admitted to a h^' 


onset of of breath 

« ‘ . •^r witli a 
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hemoglobin of 9.8 Gm. and a thoracentesis yielded 250 c.c. of blood. Thoracentesis "was 
performed the following day and 600 c.c. of blood removed. He was transferred to the 
Veterans Administration Hospital, McKinney, Texas on Feb. 13, 1952, with a diagnosis of 
“hemothorax, left, probably due to neoplasm of the pleura.” Upon arrival the patient 
was acutely ill, pale, listless, with temperature 101.5° F., pulse 102, and blood pressure 
105/70. There were signs of fluid in the left chest and the hemoglobin had dropped to 7 
Gm. He had multiple small elevated cherry-red telangiectases on the tongue, buccal 
mucosa, lips, nasal mucosa, and skin. The skin telangiectases were most numerous over 
the face and trunk but there were some over his entire body as far distally as the ankles. 
He gave a history of troublesome nosebleeds several times weekly for as long as he could 
remember, one episode of tarry stools of two weeks' duration at age 14, and frequent 
bleeding from the gums. A sister had similar lesions but had no serious hemorrhage. 



A. B. 


Fig. 3.— A, Roentgenogram after repeated thoracenteses, intercostal catheter drainage, 
and use of Vandase showing opacity of left chest with multiple air-fluid levels due to loculated 
hemothorax B, Roentgenogram over 7 months after decortication showing clearing of left 
hemithorax but the left diaphragm remains elevated and the costophrenic agle obliterated. 

At thoracentesis on Feb. 15, 1952, 1,600 c.c. of blood was removed. He was given 
1,000 c.c. of blood immediately, and 500 c.c. the following day. Bronchoscopy was nega¬ 
tive. On the fourth day, a thoracentesis yielded 1,100 c.c. of blood and resulted in roentgen 
evidence of some clearing of the effusion but a day later there was a reaccumulation of the 
fluid (Fig. 2). On February 22, an intercostal catheter was inserted through the ninth 
intercostal space in the left posterior axillary line and 3,200 c.c. of blood removed. There¬ 
after, it drained about 500 c.c. of blood daily and he was supported by multiple trans¬ 
fusions. The intercostal catheter became plugged frequently and small amounts of 
Varidase were used on several occasions to clear it. This therapy was abandoned because 
it seemed to perpetuate the bleeding. X-rays, on February 29, showed a loculated hemo¬ 
thorax (Fig. 3). 

On March 5, a left thoracotomj’^ was performed and no evidence of tumor found. 
Decortication of the clotted hemothorax was carried out and it was noted that there was 
excessive bleeding from many tiny areas of the pleura. A total of 4,000 c.c. of blood was 
required during and immediately following surgery. At this time the bleeding time, clot¬ 
ting time, platelet count, clot retraction, prothrombin, Factor 5, and prothrombin utiliza- 
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tion wore normal Coombs tests direct and indirect iioro negative Ibbrinolysin was 
negative after flic and ono lialf hours and a test for eircuHting anticoagulant was also 
negative 

Tlio patient drained largo aiuouuts of bloody fluid vi i tho intercostal catheter but the 
lung failed to re expand oomplotcl} On March 19, bo began having a septic fovor and 
a culture of tile pleural fluid sboivcd bcniol}tic stapbjiococcus On April 2, a rib resection 
naa done and a large empyema pocket eincnatcd His course iias ono of steady improve 
incut from that time on, and on May 20, ho receiicd his twcutj fifth and final trinsfnsioii 
Ho bad freipicnt oxpistaxis while in tho liospital, but bis chest sMiiptoius gradually im 
proiod rbo lung slowlj re expanded although he still bad slight ilr imago at the timo 
of bis discharge Ho has been followed for three jcirs illd has had cpistaxis and hematuria 
but no recurrence of hcmotliorax 


DI-sCUSblON 

In the ease of spontaneous hemotlioi av icpottcd by Aiuicntximt ami 
Undtiwoocl,' the tliagnosii> of hcicditaiy telangiectasia is, undeniable The 
patient at the ago of 25 appaiently had heinolhoiax because ‘ liet physician 
found signs of fluid in hei chest and aspiiated blood Xiom hei left thoias. in 
an amount estimated by hei to be about one and one half quaits Con 
salescouee fiom this illness was imetcntful and she h id no lecuuence ” Oui 
ease is tho second ono of hemothoiax lepoited in a patient known to hate 
heieditaiy telangiectasia His piolongcd illness is in inaiked contrast to the 
unetentful leeoveiy of tho patient just mentioned AVe notv beliete that the 
many small but vigoiously bleeding aicas ciiconnteied in the pleuia at the time 
of decoitieation repiesented small tclangicetascs Extensite scaiiing pie 
tented their definite identifloation as such at this time Piompt use of inloi- 
costal eathetci watoi soil diainagc with a slight negative piessiue would be 
mote likely to contiol the bleeding and picvent a clotted hemotlioia\ than 
would repeated aspiiations oi siugical iiitcivcntion AVe would be leluctant 
again to attempt decoitieation in such a patient duiiiig the actitc bleeding 
phase However, decoitieation was the logical tieatment in this ease because 
localized aiteiiovenous fistula ot tumoi could not be luled out and theie was 
piesent a paitially clotted, loculated, infected hemothoiax 

Theie have been two lepoits of hemothoiax fiom aiteiiovenous fistulas in 
patients who apparently showed no extiapiilmonaiy lesions of heicditaiy 
telangiectasia The telangiectases may hate been nni ecogni/cd oi consideied 
unimpoitant One of these patients died at the age of 23 fi om hemothoiax and 
was shown to have multiple iiulmoiiaiy aiteiiovenous fistulas The othei, re 
poited by Bowers,*” died of hemothoiax on the second day of life and was 
found to have multiple pulmonary aiteiiovenous fistulas 

AVhether all pulmonary ai tcnovciious fistulas aie manifestations of heiedi 
tary telangiectasia is open to question In many of the oiiginal desciiptions 
of pulmonaiy arteriovenous fistulas, the peiipheial lesions of heieditaiy 
telangiectasia are not mentioned They may hate been umecogmzed oi con 
sideied iricletant Only in leeent yeais has the iehitionsliip between the two 
lesions been recognized Caidiologists and thoiacie suigeons aie now awaie 
of the fiequent coexistence of pulmonaiy aiteriovenous fistulas and liemoi- 
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I’hagic telangiectasia. In most recent reports of pulmonary arteriovenous 
fistulas, note has been made that the patients were known to have hereditary 
telangiectasia.^®’ 


su:MiiARy 

This is the second reported case of spontaneous hemothorax in a patient with 
hereditary hemorrhagic telangiectasia. Treatment consisted of thoracentesis, 
intercostal catheter drainage with Varidase instillation, and later decortication. 
The likelihood of recurrent pleural hemorrhage from multiple small arterio¬ 
venous fistulas makes the treatment of hemothorax particularly difficult in this 
disease. Surgical intervention should probably be reserved as a last resort, 
or in the treatment of complications of a clotted hemothorax. 

The occurrence of pulmonary arteriovenous fistulas in patients with 
hereditary telangiectasia is so common that chest x-rays .should be a part of 
the routine work-up of these patients. 

We suspect that hereditary hemorrhagic telangiectasia could be diagnosed 
in many cases of “spontaneous hemothorax” by a careful history and search 
for the lesions. 


REFERENCES 

1. Babington, cited by Osier, W.: On a Family Form of Eeciirring Epi.staxis Associated 

With Multiple Telangiectases of the Skin and Mucous Membranes, Bull. Johns 
Hopkins Hosp. 12: 333, 1901. 

2. Osier, W.: On Telangiectasis Circumscripta Universalis, Bull. Johns Hopkins Hosp. 18: 

401, 1907. 

3. Osier, W.: On Multiple Hereditary Telangiectases With Eecurring Haemorrhages, 

Quart J. Med. 1: 53, 1907. 

4. Hanes, F. M.: Multiple Hereditary Telangiectases Causing Hemorrhage (Hereditary 

Hemorrhagic Telangiectasia), Bull. .Johns Hopkins Hosp. 20: 63, 1909. 

5. Fitz-Hugh, T., Jr.: Splenomegaly and Hepatic Enlargement in Hereditary Hemorrhagic 

Telangiectasia, Am. J. M. .Sc. 181: 261, 1931. 

6. Goldman, E., Asher, L., and AVare, E.: Hereditary' Hemorrhagic Telangiectasis, Gastro¬ 

enterology 12: 3, 1949. 

7. Weber, F. P.; Hemorrhagic Telangiectasia of the Osier Tyjje: “Telangiectatic 

Dysplasia,” An Isolated Case, AVith Discussion of Multiple Pulsating Stellate 
Telangiectases and Other Striking Haemangiectate Conditions, Brit. J. Dermat. 
48: 182, 1936. 

S. Goldman, A.: Arteriovenous Fistula of the Lung: Its Hereditary’ and Clinical Aspects, 
Am. Eev. Tuberc. 57: 266, 1948. 

9. Snyder, L. H., and Doan, C. A.: Studies in Human Inheritance: Is the Homozj'gous 
Form of Multiple Telangiectasia Lethal? J. Lab. & Clin. Med. 29: 1211, 1944. 

10. McEwan, T.: Hereditary Haemorrhagic Telangiectasia With Eeport of a Case, Glascow 

M. J. 29: 255, 1948. 

11. Campbell, J. L., Jr.: Hereditary Hemorrhagic Telangiectasia as a Cause of Hematuria: 

Two Case Eeports, J. Urol. 62: 80, 1949. 

12. Gambill, E. A.: Eecurring Gastro-intestinal Hemorrhage in Hereditary Hemorrhagic 

Telangiectasia: Incidence and Eeport of a Case, Proc. Staff Meet. Mayo Clin. 
21: 157, 1946. 

13. Tobin, J. E., and Wilder, T. C.: Pulmonary A-V Fistula Associated With Hereditary 

Hemorrhagic Telangiectasis: A Eeport of Their Occurrence in a Father and 
Son, Ann. Int. Med. 38: 868, 1953. 

14. Cappon, D.: Hereditary Haemorrhagic Telangiectasis, Brit. M. J. 1: 440, 1945. 

15. Israel, H. L., and Gosfield, B., Jr.: Fatal Hemoptysis From Pulmonary Arteriovenous 

- Fistula: Eeport of a Case in a Patient AATth Hereditary Hemorrhagic 
Telangiectasia, J. A. M. A. 152: 40, 1953. 

16. Plummer, K., Burke, J. O., and AVilliams, J. P.: Hereditary Hemorrhagic Telangiectasia 

AATtli Intestinal Bleeding: Case Eeport and Therapy AVith Topical Thrombin, 
Gastroenterology 12: 988, 1949. 



Volume 31 
Number 4 


HEREDITARY HEMORRIEVGIG TELANGIECTASIA 


503 


17. Armeutrout, H. L., and Uudonvood, F. J: Pumilial Hemorrhagic Telangiectasia With 
Associ ited Pulmonary Arteriovenous Aiietirjsni, Am J. Med. 8: 24b, 191)0. 

IS. Yater, W. if, Finnegan, J., and GriJlin, H. JM.: Pulmonary Artcrio\enous Fistula 
(Vanx): Ke\ic\v ot Literature and Report of Two Oases, J. A. il. A. 141: 581, 
1949. 

19 Bowers, W, F.: Rupture of Visceral llemangiomaii us Cause of Death With Report 
of a Case of Puliuonarj Hemangioma, Nebraska ^1. L 21: 55, I'MO. 

20. Garland, H. G, and Aiming, S. T : IIereditar 3 * Iluemorrhagic Telangiectasia, Brit. M. 

J. 1: 700, 1950. 

21. Bundles, R. W.; Hemorrhagic Telangiectasia With Pulmonary Artery Aneurism: Case 

Report, Am. J. M Sc 210' 76, 1945 

22. Brink, A. J.: Telangiectasis of the Lungs, With Two Case Reports of Hereditary 

Hemorrhagic Telangiectasis With O>anosis, Quart. J, -Nfed. 19: 239, 1950. 

23. ifo^er, J. H., and Ackerman, A. L : Herediturv Hemorrhagic Telangiectasis Associated 

With Pulmonary Arterio\enous Fistula in Two ^remhers of a Panul}, ^Um. Int. 
Med. 29: 775, 1948. 

24. Whitaker, W.: Ca\ernoiis Haemangioma of the Lung, Thorax 2: 58, 1947. 

25 Blades, B, and Beattie, E, Jr.: Pulmoiiar> Arteno\enous Aneur 3 sm: Report of 
Three Cases, J .Mt. binai Ifosp 18: 195, IM.H. 

20. Hajward, J., and Reid, L : Cavernous Pulmonaiv* Telangiectasis, Tliorax 4: 1.17, 1049. 



MASSIVE CYSTIC PULMONARY HAMARTOMA 
Report op Two Cases 

Robert C. Jackson, M.D.,'-^ John R. McDonald, M.D.,*’^ and 
0. Tiieron Clagett, M.D.®** 

Rochester, jVIinn, 

P ULMONARY hamartoma has been found in 0.25 per cent of a series of 
consecutive iieeropsies.^ Most of these tumors are smaU and are un¬ 
recognized in the ordinary roentgenogram of the thorax. Many of the smaller 
ones are interpreted as Chon tubercles. When a hamartoma attains a size 
greater than 1 cm., it becomes a diagnostic problem. A patient with such a 
problem usually undergoes diagnostic thoracotomy. A hamartoma removed 
under these circumstances is seldom larger than 5 cm. in diameter. In two of 
the hamartomas of the lung recorded in the files of the Mayo Clinic, the most 
unusual feature was the large size. These two cases form the basis of this 
report. 

background information 

In 1904, Albrecht® originated the term “hamartoma,” derived from the 
Greek words meaning “error” and “tumor.” Translated, his definition was 
“tumorlike malformations in which occur only an abnormal mixture of the 
normal constituents of the organ in which they are found. These malforma¬ 
tions may consist of a change in the quantity, arrangement, degree of dif¬ 
ferentiation, or any combination of these. The conclusion to be drawn from 
histologic examination is that they originated in abnormal mixing of tissues 
i during their development.” Albrecht was referring to specific tumors of the 
spleen, liver, and kidney. 

In 1922, Feller® initiated use of the term “hamartoma” in conjunction 
with certain benign cartilaginous pulmonary lesions, but only recently has the 
application of this term to these lesions been generally accepted. Until the 
past decade, most eases were recorded as chondroma of the lung, despite 
frequent recognition of their complex tissue structure since the nineteenth 
century. ‘ 

Pulmonary hamartoma occurs more frequently in males, in a ratio of 2 or 
3 to 1. The range in age is from prematurity to old age, but those reported in 
childhood are few in number, probably because of the dearth of necropsy 
material and the relative infrequency of routine roentgenographic examina- 
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University of Minnesota. 
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tlou of the thoia\ m this age gioiip In a senes of I5G mdeteiminate sohtaiy 
cuouinseiibed pulmouaiy lesions leiioitcd by Hood and eo woikeis," IG pei 
cent pio\ed to be baniaitoinas No signifleant piedilection toi a gnen lobe oi 
lung has been noted 

Clinically, bamaitoiiias axe fiequcntly asymptomatic and axe discovexed 
by loiitine \-iay exaniinatioii Coxxgh ox thoxacie jiaiix may occasionally be 
the pxesenting symptom Bndobionohial hamartomas commonly produce 
wheezing and syiiiptoms of pixlmonaiy suppuration Ten per cent axe said 
to aiise eiidobionehially, but this figuxe is denied from eolleeted senes and 
IS undoubtedly influenced by the tendency to xcpoit lesions in unusual sites 
In our e\peneiioe, tiue cbondiomas occur moie commonly in tins position than 
do piilmonaiy hamartomas 

A loentgen shadow of a sharply cnuimscnbed, penplieial pulmonaiy 
lesion Mitli lobulated margins and clear ad)accnt pulmonaiy tissue should 
suggest the possibility of bamaitonia The demonstration of dilTuse punctate 
aieas of oaJnfication in such a lesion makes the diagnosis piobable Lemon 
and Good* hare emphasized the inadequacy of loentgeiiogiams in establishing 
a defiiiitne diagnosis, and Me flimly beliesc that suigical exploration is in 
dicated in all patients if then geneial condition peimits 

At thoracotomy, many hamartomas are readily xeLOgnizable in situ They 
ate oliaiacteiistioallj less than 4 cm iii diameter, spheiical or ovoid, sub- 
pleriial, sharply denialoated fiom pulmonaiy paienchyma, of firm caitilagmous 
consistency, and hare a white nodulai suiface Diagnosis should be made by 
fiozeii section technique, theicby enabling maximal consei vation of function¬ 
ing lung The inajoiity are readily enucleated oi lemoved by wedge resection 
Ooeasionally they lie deeply iiiibcddcd in hilar stiirctuies, necessitating more 
cxtensire resection Endoliionchial lesions usually lequiie major lesection, 
although the surgeon should be alerted to the possibility of bionchotomy with 
conseivatire excision of the tiiinoi and bronchial leconstruction, provided the 
associated suppiiiatire changes are of a icveisible natuie Tissues of both 
mesodeimal and eiidodeinial origin arc present iii puliiiouaiy hamartomas 
There is considerable vaiiation in microscopic appearance Usually, hyaline 
eaitilage is pieseiit in ibundance, with iiiteii eiiiiig clefts lined by coliimnai 
01 cuboidal epitheliuiii which may be ciliated or mucus pi odiicing in pait 
Fibious and myxomatous connective tissue and fat are often present, and 
nioie laiely elastic or fibioeaitilage or smooth muscle may be identifled 
Calcified aieas are fieqriently present in the cartilage, and occasionally bone 
foiiiiation ocouis None of the afore mentioned tissues need necessaiily be 
present to make a diagnosis of hamaitoma In some of these lesions, aieas 
may be found which aie lemaikably similar to noimal bionchi Deiaugement 
of aichiteetuie, overabundance of fat, and occasionally a suggestion of 
eiiibiyonal tissue will be noted, however This featuie is illustiated in Case 2 

CISC REPORTS 

Case 1 —A o4 year old woman was loferrcd for trt itment of a iJulraomry cyst Silo 
had complained of modcriio escihonal djsimci for four joiis, and of mill orllioimca tint 
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Fig. 2.—Case 1. Gross specimen of hamartoma with liquid contents evacuated, 
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was relieved by lying on her left side. Five times ia the i- 4 .it w- 

her local physician had given her temporary relief hr thoracealetii^ el>x. * 

of 1 to quarts of reddish-brown fluid. ' 

Signillcant i)hysical findings were the presence rjf all heart u, •Ir « , # 

sternum and no evidence of functioning lung in the lower lw*/-th:r.is of ll<; / f ^ ' 

thorax. The superficial veins of the neck were distended, particnlaiiy d-iric- ' ^ 

Laboratory data were within the normal range. Potteroanteriof and ' 

graphic views of the thorax demonstrated a well-defined opacity in the l';wfc/ 
of the left hemithorax (Fig. 1). The heart and other mediastinal structurcf 
disidaced to the right. * 

Left thoracotomy revealed a large, lobulatcd, cystic tumor orcupvs;;" f^Iiv 
of the left hemithorax. It involved most of the left lower lobe and V * 

to the pericardium, thoracic wall, lung, and diaphragm. Luring the extei jjiv 
necessary for removal of the lesion, its wall was ruptured, IilM*ratin'>’ " 
brown fluid. After repair of many small bronchial fistulas, the lun'M-x*pande<i' * l 
thousand cubic centimeters of whole blood was given during the procedure o” ! 
postoperative day, coma developed and the neurological findings sug-ested • 
vascular accident. Death occurred on the fourth ponloperativu dav IV 
necropsy was not granted. * ‘ 



I'lg. a.—Case 1 . Representathe section from hamartoma. (Hemato,\yIin and eosin; X5U ) 

Tlie surgical specimen measured 17 by 15 by 12 cm. and weighed GOO grams wdthouL ii 
iluid contents (Fig. 2). The surface was nodular and grayish white. A largo siiiglo cyst 
occupied the center of the mass. The wall varied from O.i to 5.5 cm. in thickness and its 
inner surface was partly smooth, but there W'crc many roughened areas where the tissue 
appeared to bo necrotic. On cut surface the tumor appeared grossly to consist of hyaline 
cartilage with small scattered areas of dense calcification. 

Microscopically, there was abundant hyaline cartilage with some areas of calcification 
(Fig. 3). Much adult fat and fibrous connective tissue were present and there were small 
cystic spaces lined with flattened and cuboidal epithelium. Part of the tissue was 
necrotic, and the presence of hemosiderin suggested previous homorrliage. TJio large cyst 
was lined with cuboidal epithelium in the smooth areas. 

Case 2.— A 27-ycar-old man was admitted for evaluation of a pulmonary cyst knonn to 
have been present for eleven years. He denied having any pulmonary symptoms. A'o un¬ 
usual findings, except decrease in tlie breath sounds over the right part of the thorax^ mw re¬ 
vealed by a thorough physical examination, .< 



508 


JACKSON, MCDONALD, AND CLAGETT 


J. Thoracic Surg. 
April. 1956 


Laboratory data were normal. Posteroanterior and lateral roentgenographic views of 
the thorax demonstrated a well-circumscribed cystic lesion occupying much of the right lower 
lobe (Pig. 4). A considerable amount of calcareous material was seen within the cystic lesion 
and also in the supradiaphragmatic region and along the thoracic wall below and lateral to 
the cyst. No bronchovascular markings were seen in the latter area. 

Eight thoracotomy disclosed a tumor replacing most of the right lower lobe. Eesection of 
the lobe was accomplished without difficulty and the patient recovered imeventfully. 
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The surgical specimen measured IG by 11 by 10 cm. and weighed 800 grams (Fig. 5). It 
was bluish white and its burlaco was bossdated except for the undersurface, wliich was 
smooth and had the conformation of the diaphragm. Tlie upper margin was covered by a 
layer of residual pulmonaiy tissue wliich striiiped readily from the tumor. 3ilany parts were of 
bony consistency but others were readily cut and had the appearance of hyaline cartilage. 
Small fluid-containing clefts wore numerous. There were large multiloculatod air contaiu- 
mg c>sts XU its center. Coutinuity with the normal bronchial system could not bo demon¬ 
strated. 

Microscopically, largo islands and connecting strands of hyaline cartilage encircled 
by fibrous connective tissue predominated in the field (Fig. t>). Between theso areas w'ore 
cystic spaces of variable si^o lined with cuboid, columnar, pseudoatrntified columnar and 
occasionally mucus-producing opithehuui. The cartilage w as calcified in many areas. 
Slature fat and bone made up a lesser part of the lesion, and myxomatous connective 
tissue, smooth muscle, and mucosal glands were also identified. Tlio large air containing 
cjsts were lined with columnar epithelium. Some areas strikingly resembled normal 
bronchi (Fig, 0, h). No alveolar structure was found within the confines of the tumor. 



Fiff 6—Case 3 a, SecHon showme tjpicat pattern of the bulk of the lesion. (Hema¬ 
toxylin and eosin. X30 ) b. Section shouins a closer resemblance to normal bionchi.\\ith a 
high degree of differentiation of tumor tissue (Hematoxylin and eosln; X40 ) 


In reviewing the literature, we found that a pulmonary hamartoma 
greater than 5 em. in diameter is a inedieal rarity. Lesser, Linser, and 
Reboul,'-'’ each reported a case of benign hamartoma that measmed in excess 
of 10 cm. in diameter. Schumann*" described a hamartoma tlie “size of a 
man’s head”; this tumor weiglied 32 pounds (5.4 kilograms). The lesion re¬ 
ported by Busse’* was huge, filling the entire hemithorax and exerting enough 
pressure to bulge the intercostal spaces. Careful analy.sis of his paper leaves 
considerable doubt as to the true nature of the tumor. 
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The premature infant reported by Jones^" is of particular interest. 
Although the lesion measured only 3.5 cm. in diameter, it replaced the major 
portion of the right upper lobe. Cartilage and bronchial epithelium were 
present in small nests within islands of fibroits connective tissue separated by 
normal lung. Liebow^^ has referred to this lesion as a “diffuse hamartoma.” 
We have seen no counterpart of it in adults and it seems reasonable to assume 
that, with growth of the lesion, the included pulmonary tissue could either be 
rendered functionless and made cystic or be overgrown to such an extent that 
it would be unrecognizable. If the growth differential is primarily in favor 
of the cartilage and epithelium in these malformations, the end result in 
Jones’ ease would have been identical to that in the 2 cases we have presented. 
Unfortunately, we have been unable to find another reported ease of true 
hamartoma in an infant and, until these are available, the early development 
of hamartoma will remain in doubt. 

The cystic nature of hamartomas deserves comment. Microscopic epi¬ 
thelium-lined clefts are characteristic of the lesions. The presence of small, 
grossly visible cysts is not unusual. McGlumphy” reported a hamartoma, 2 
cm. in diameter, that contained a cyst 9 mm. in diameter. We did not find 
a case of benign pulmonary hamartoma with a large cyst or cysts in our 
review of the literature. A cystic component in these lesions may be sug¬ 
gested occasionally on the roentgenograms, but these “rarefied areas” usually 
prove to be fat tissue in the specimen. In both of the cases reported here, the 
masses contained large cysts and presented as cystic lesions clinically, one on 
the basis of roentgen findings and the other on the basis of a history of re¬ 
current aspirations that were productive of large cpiantities of fluid. 
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TUB OSTEOIUjASTIC WAUL THORACOPLASTY AFTER 
PNFA37AONECTOMIBS 
ViKiso Olov Bjork, 33C.T). 

Stqckuoum, Swedks 

T he principle of simultaneous pnemnoneotomy ami thoracoplasty is 
not new. As early as 1933, when Evavts Grn)ia)ii performed the historic 
pnoinnoneetomy for carcinoma of the lung, lie completed this operation with a 
resection of ribs three to ten. Graham continued to use simultaneous thoraco¬ 
plasty in the first 5 or G oases of pneumonectomy but tlien left this practice as 
a routine. In cases with pneumonectomy for tubercnlosis, iiowever, he con¬ 
tinued to perform a simultaneous thoracoplasty in order to diminish the pos¬ 
sibility of tuberculous empyema. Later Iverson, and Skinner,® 1950, Conklin, 
Ttihy, and Cxi’ismer,* 1951, and Samson,' 1951, advocated thoracoplasty at the 
same stage as pneumonectomy for tuberculosis. 

Tlie name thoracoplasty means to mold the chest. Earlier techniques, how¬ 
ever, have mainly consisted of rib resection. A stable chest wall is then only 
obtained when the rib regeneration lias oecui’red. This new chest wall may 
have the desired size and shape, but will be greatly mSiienced by the scapula 
and the re-expanding lung. 

As the name thoracoplasty is generally accepted for any kind of rib re¬ 
section, the name o.steoplastic has been added to the procedure I have devised to 
diminish and mold the chest into a desired shape. The principle is to resect 
posterior ends of the ribs and bend them in the costal cartilage to fom a new 
roof of the chest. The ribs are fixed posteriorly by nylon or stainless steel 
sutures through drill holes to the posterior end of the uppermost intact rib. 
This osteoplastic thoracoplasty is then sized according to the amount and quality 

Prom Sabbatsberg Hospitar, Stockholm, SneCen, Surgeon-in-Chief: C. CratoorC Mr) 
Professor. 

This work -was aided by The Swedish National ..\ssociatlon Against Tuberculosis. 
^?eceived for publication Afay 22, 1955. 
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TUB OSTEOPLASTIC WAlh THOKAt OI'LASTV AFTER 
P.VKnfOXECTOAfll.-I 

ITkm Cm Bjohk, 'i I). 

Stockhoui, Swfr. \ 


T he principle uf siimiltja«)UN pncir loncetoniy and thoracopla^iy is 
not new. As caily ,ij IVI, niieti Evail- Graham pcriormed the Lis-oric 
pneumonectomy for rartiiioraa of the lung, h oompIcleJ this oj)eration -.Tith a 
lesection of ribs tliroe to lea. (iraliam continued to tt>e simultaneous TLorai.v 
plasty in the first a or C rain of pneumoue.-tomy but ihrti left this praetii-e cs 
a toutiue. In om inth pneumonectomy for tubciciilosL, however, te eon- 
tinued to perfoim a siraiiltaiieoiis thoraeopiastv in order to diminish the puv- 
sibility of tubcuu/oji raip.uma. Later I\cr>o'ii, and Skinner,19o0. fVn.k:iiQ. 
Tuliy, and Giumer,' Mjl, jnJ Samson,' 1951, admafed thoracop!.■>.^ry ai rij,. 
same .stage aspnemnoneetomy for tuberculosis.’ 

The name Hor.i('opl3.sty means to mold the ehest. Earlier tteimique,-. how¬ 
ever, lia\e inauih eoashted of rib read tion. .V stsbic chest nail is tiieii only 
obtained tilun tie nb regeneration has occurred. This new chost_ wall cay 
have tile dtsiinj sm and siiape, but will he greatly influenced by tue scapula 
and the re etiuiniirs iung. ’ 


As the iitire lioracopksty is "■cneraliy accepted for any kmd of rib re- 
seetioii, tliemueislcoplastic h'as been added to the procedure I hare dvrLod to 
dimmish aiijEoy th, ehest into a desired shape- The p^eipre H to re=s.-ct 
posteiiorciiJiu/iie ribs and bend them w the ea^ge to lorm 3 new 
roof of ,„1 4, The ribs arolvenostei/arly hy nylon or stainl^ ,-tcd 
sutuies,ii„dd,„i holes to tL- posteiior end of the _uppetn:..-t intact rib. 

thoraeopiastv is then sized acco.dmg to tne amount and qaaiity 

,... 1 ™. .Sorse.>n..n-C_,-r: a 
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of tlie remaining Inng tissue at the end of the pulmonary resection for tuber¬ 
culosis. Good experience with the osteoplastic roof thoracoplasty, now per- 
foi’med in more than 200 cases since 1953, has made me try to utilize the same 
principle after pneumonectomies. 

EABLIER METHODS 

1. Pneumothorax .—^After a pneumonectomy for tuberculosis, the remain¬ 
ing space may be left to become obliterated without thoracoplasty. Especially 
on the left side where the elevated diaphragm can significantly reduce the space, 
the herniation of the other kuig, "with increasing emphysema, may not be so 
pronounced. Air refills in the remaining space will keep the mediastinum in 
the mid-line for some time and prevent a too rapid overexpansion of the re¬ 
maining lung. 

To follow this line of treatment the following two criteria must be ful¬ 
filled: (a) possibilities for infection in the remaining space must be excluded; 
and (b) no demonstrable tuberculosis should be found in the remaining lung. 

In our material, both these criteria will very seldom be fulfilled at the same 
time. 

2. Bib resection .—The most common method of diminishing the thoracic 
cavity after a pneumonectomy is by rib resection. This will then mean a two- 
stage procedure. Usually the lung is removed first and then the ribs later on. 
The simultaneous rib resection has been performed but is not recommended, 
especially not after an extrapleural resection, where only ribbons of periosteum 
and intercostal muscles remain of the chest wall after a rib resection. The 
paradoxical movements of the mediastinum will make it difficult for the patient 
to raise his sputum, although the procedure is tolerated by good risk patients. 

Earlier, Ave often performed first a five-rib thoracoplasty, which then at a 
second stage was extended, Avhen the lung was removed. The rib regeneration 
after the thoracoplasty, hoAvever, often made it difficult to obliterate effectively 
the remaining space after the pneumonectomy in the second stage. Most of 
these eases therefore have a considerable herniation of the remaining lung into 
the side upon which the operation had been performed. 

3. Plomhage. —Plastic material to fill the space is now rarely used. This 
method has caused too much trouble Avith infection and cavity perforations, 
Avhen used over lung tissue. When used to fill a space after total pneumonec¬ 
tomy, either intrapleurally (7 cases) or extraperiosteally (5 eases), Ave have so 
far not encountered any complications. Only patients with a healthy pleura 
were chosen in whom there Avas thought to be no danger of infection. 

In my series of 155 cases of pneumonectomies for tuberculosis, I have thus 
only used plomhage to obliterate the space in 12 cases. 

THE author’s METHOD; AN OSTEOPLASTIC WALL THORACOPLASTY 

Indications .— There is ahvays great trauma for the patient, to Avake up 
after a major intrathoraeic operation only to look forward to another operation 
in the near future. Besides the psychologic tramna, the stay in the hospital is 
prolonged. Furthermore, it is more difficult to regain full arm movements and 
obtain a perfect healing of the muscles after a second operation. 
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The osteoplastic wall thoracoplasty alter a pneumonectomy gives the pa¬ 
tient all the advantages of a one-stage procedure. The immediate oblitera¬ 
tion of the remaining space will diminish the incidence of infeotion. There¬ 
fore, hi cases of pneumonectomy for tuberculosis, especially in cases of extra¬ 
pleural resection due to empyema, the operation is completed with an osteo¬ 
plastic wall thoracoplasty. In 1 case where a tuberculous empyema was m the 
state of breaking through the ehe.st wall, the space got infected after resection 



Fig. 1.—-The nbs are resected posteriorly. They are then bent or fractured In the costo¬ 
chondral junction, so they He against the mediastinum. The posterior ends are fixed with a 
nylon suture through a drill hole in the nb and through the costovertebral ligament. 

with osteoplastic thoracoplasty. All of the chest wall except the skin had to 
be resected. In such a case, it is better to resect the whole chest wall together 
with the lung at once, utilizing prolonged artificial ventilation for the post¬ 
operative treatment. 

Technique -.-—In cases with an accumulation of secretion behind a bronchial 
stenosis or with empyema and bronchopleural fistula, it is essential to prevent 
spill over. A left-sided bronchial stenosis will prevent the use of endobronchial 
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anesthesia with a Cailens tube and then, too, the I'ace-down position, recom¬ 
mended by Overholt, is the position of choice. When one is familiar with the 
prone position, it will be prefeimed for all pneumonectomy cases. 

In a ease with a thick-walled empyema, it is sometimes preferable to do 
the extrapleural ‘'strip” from the chest wall with the ribs in place. Often some 
hard work may, however, be saved by first resecting the posterior ends of the 
upper 9 ribs on the left side and the upper 10 ribs on the right side from the 
tip of the transverse process. After completion of the pneumonectomy, the 
osteoplastic wall thoracopla.sty is cai-ried out in the following way. 



Pis. 2.—The posterior ends of the ribs are fixed to the vertebra] body by a nyJon suture 
through the costovertebral ligament and then through a drill hole in the nb. 

Rib resection: 

a. The entire length of the first rib, including its costal cartilage, is re¬ 
sected to prevent a remaining apical air space. The first rib has only been left 
in place in absolutely clean cases. 

b. Ribs 2 to 9 on the left side and 2 to 10 on the right side are shortened 
enough to become straight, so that when they are bent or preferably fractured 
in the costochondral junction, they will reach the vertebral body (Fig. 1). 

e. A drill hole (an especially devised drill bore maaiufactured by Stille, 
Sweden, is used) is then made in the jjosterior end of the ribs. The ribs are 
then fixed to the veifebral bodies by heavy nylon sutures through the drill 
holes in the ribs, usually through the costovei’tebral ligament (Pig. 2). 

In the beginning, the posterior ends of the ribs were sutured to the an¬ 
terior longitudinal ligament of the spine but a much stronger fixation is usually 
obtained by placing the nylon sutures through the costovertebral ligament and 
behind the tip of the liead of a rib (Figs. 1 and 2). 
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Fig- 3—The first rib Is resected Then ribs 2 to 7 are bent down and fixed to the 
thoracic vertebrae 4 to 9 Ribs 8 to 9 on the left side and 8 to 10 on the right side are 
resected posteriorly but left outside the fixed ribs to round off the contour 
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Rib 2 is fixed to the foui’th thoi’acie vertebra. 

Rib 3 is fixed to the fifth thoracic veidebra. 

Rib 4 is fixed to the sixth thoracic vertebra. 

Rib 5 is fixed to the seventh tlioraeie vertebra. 

Rib 6 is fixed to the eighth thoracic vertebra. 

Rib 7 is fixed to the ninth thoracic vertebra (Fig. 3). 



Fig. 4.—A stable wall for the mediastinum is obtained. The space will be obliterated and a 
herniation of the remaining lung prevented. 

When rib 7 or sometimes 8 has been fixed to the lowest possible thoracic 
vertebra, a stable wall for the mediastinum is obtained (Figs. 1 and 4). AH 
nylon sutures are first placed before they are tied. All intercostal nerves be¬ 
low the fifth intercostal space are left intact as the nylon sutures may pass be¬ 
tween the intercostal muscle bundles. The two or three lowermost resected 
ribs do not have to be fixed but are left outside the fixed ribs to round off the 
contour (Fig. 4). One tube for drainage is left inside the ribs for two to 
three days (Figs. 5 through 9, Cases 1 to 3). 
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With tlub technique the opeiation is usually iiiolonged only by about oiio- 
halt hour The opeiation is well tolerated also iii eases with consideiable ven 
tilatoiv insufflcieiicy, provided artificial ventilation is maintained during the 
fiist postopeiative poiiod and until the patients have legaiiicd stieiigth enough 
£oi coughing and spontaneous ventilation (h’lgs 7 and 8, Case 2) Twenty 
patients altogethoi have had a pncunioncetoniy and simultaneous osteoplastic 
wall thoiaeoplasty pcifoimcd Tinec patients aie dead 1 aftei thiee weeks 
due to iiifeetion with bionohial fistula, 1 aftci ten days in biouchopneiimonia 
on the lemaiiiing lung (autopsy showed a hematoma on the opeiated side but 
no souice o£ bleeding) The thud patient died si\ months attei the opeiation 
111 coi pulmoiiale with pulmoiiaiy cdciiia 

AA'hen a iiiieumoneetomv is peifoiincd undei an old thoiacoplastj, it may 
be diifieult to obliteiate the space by extended iib icsection The same pi in 
ciple maj then be followed Fust, the postciior pait of the chest wall with iib 
legeiieiatioiis is excised The legeneiatcd iibs should then not be icmovcd one 
by one but the wliole jiait of tlie chest wall excised in one block The anteiioi 
parts ot the iibs aie fiaetuied in the costochondial jiiiietioii and fixed to the 
veitobial body in the waj pist dcsciibed 

In eases without daiigoi of infection in the lemaiiung space, I have tiled 
to leseot the posteiioi pa it ot iib 2, bent it down and fixed it to the tiansveise 
process of the sixth veitebia in ordei to keep the tiachea and the mediastinum 
III the mid lino Then iib 4 was icsoctcd posterioily and bent down around 
the heart and fixed to the transvcise process of the ninth vcitebra One yeai 
after this operation on a 23 yeai old man, a considerable herniation of the re 
inaimiig raght lung had occurred (Case 4, Fig 10), although the trachea was 
only slight!} displaced to the left The functional icsult was v'ery good, maxi 
mal breatliiiig capacity was 92 L pci inuiute and the residual an was only 
22 per cent of tlie total volume The cosmetic lesiilt was excellent As it is 
essential m most eases to obliteiate the space to prevent infection and to prevent 
heiiiiation of the remaining lung, this modification is now rarely used The 
deformitv caused by the osteoplastic wall thoiaeoplasty has to be accepted if the 
space IS to be obliteiated and heiniatioii completely pieveiited See Fig 11, 
*1, B, and C which show a 30 ycai old woman, one year after an extrapleuial 
pireumonectomy with osteoplastic wall thoracoplasty on the right side 

CISC IIEPOKIS 

Case 1—A tejcirold woman was found to have tuberculous infiltration in the right 
upper lobe in 1953 and complete atelectasis of tho right lung in 1953 The right lung became 
destroyed behind a stenosis of tho right main bronchus (Fig 5) At operation a right extra 
pleural pneumoncctoiiiy was performed and simultaneously an osteoplastic wall tlioraeoplisty 
(Pig 6) 

Case 2 —A 40 year old woman had had tuberculous infiltrations in both upper lobes 
smoe 1926 A pleurisy on tho right side in 1949, resulted in an empyema that persisted for 
SIX years There was bilateral cavitation (Fig 7) Before operation, the arterial oxygen 
tension at rest was 55 mm Hg The maxmial breathing capacity was 23 L per nunute 
Seventeen per cent of the oxygen uptake and 23 per cent of the ventilation were on the 
right side The patient withstood a right extrapleural pneumonectomy with osteoplastic wall 
thoracoplasty very weU with tho aid of prolonged artificial ventilation, and is in a good condi 
tion ten months later (Fig 8) ® 







Fig- S —Case 2 X ray taken the day after a right extrapleural pneumonectomy and an 
osteoplastic wall thoracoplasty \rtinclal ventilation ^\as maintained for t>no weeks Two 
days after operation the patient took o\er spontaneous ventilation for one hour and then for 
gradually inci easing lengths of time After three weeks, she could walk slowly around m 
the ward and is m good condition ten months later 
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Fig 9 —C^e 3. An x-ray o.. a 32-year-oId man after a left extrapleural pneumonectomy 
for a destroyed left lung (no oxygen uptake or ventilation on the left side by broncho- 
spirometry) and a tuberculous empyema in an extrapleural pneumothorax space performed 
eight years earlier. 



Fig. 10.—Case 4. An x-ray of a 23-year-old man one year after a left pneumonectomy 
for a destroyed left limg behind a stenosis of the mam bronchus. Ribs 2 and 4 vvere Dent 
down and flxed across the mediastinum. The procedure has resulted in considerable herniation. 


Flff. 11.—J.. B, and C. Case 5. The cosmetic result in a 30*year-old woman one year 
after an extrapleural pneumonectomy ^^ith osteoplastic wall thoracopla.sty. The first rib 
was left in place In this case. The patient is working full time, x - inaxi»' breatlilng 
capacity is 58 L. per minute, the residual capacity 24 per cent of i ‘^-e is oni. 

a slight scoliosis. The mediastinum is kept in the mldline. - ^ 
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Case 3.—A 32-year-ol(l man developed a tuberculous cavity in the left upper lobe in 
1946. An extrapleural pneumothorax was performed in 1947 but was complicated with a 
tuberculous empyema. There were, furthermore, remaining cavities in both upper and 
lower lobes on the left side and in the upper lobe on the right side. The ma.ximal breathing 
capacity was 50 L. per minute with 100 per cent of the o.xygen uptake and ventilation on 
the right side. An extrapleural pneumonectomy with osteoplastic wall thoracoplasty was 
performed on the left side (Big. 9). 

Case 4.—A 23-yoar-old man had a left pleurisy in 1945. Since 1951, a left main 
bronchial stenosis had developed with gradual destruction of the left lung. The resting 
arterial oxygen tension was 87. A left pneumonectomy was performed and at the same 
time ribs 2 and 4 were bent down across the mediastinum and the heart and fixed to the 
transverse processes of the sixth and ninth vertebrae. One year after operation, some hernia¬ 
tion had developed (Fig. 10). The residual capacity, however, remained 22 L. per minute 
which was the same as before the operation. 

DISCUS.SION 

A one-stage procedure has been devised to obliterate the space after pneu¬ 
monectomies. By the immediate obliteration of this space, the danger of infec¬ 
tion is diminished which is essential especially in cases with extrapleural resec¬ 
tions for empyema. 

A stable chest wall against the mediastinum is obtained. This new chest 
\vall will prevent paradoxical movements in the immediate postoperative period. 
By earlier techniques for total thoracoplasty, it has only been possible to dimin¬ 
ish the hemithorax by two-thirds of its original size. Thus, some overexpansion 
of the remaining lung and a displacement of the mediastinum to the operated 
side will nearly always follow in spite of the extensive rib resection. 

By the new osteoplastic thoracoplastj’-, the ribs are placed across the medias¬ 
tinum and fixed to the vertebral body. Thereby, a central position of the medias¬ 
tinum may be maintained and herniation with overdistention of tlie remaining 
lung prevented. 

SUMJIAKV 

V An osteoplastic wall thoracoplasty has been devised for oblitex’ation of tlie 
^ space after pneumonectomies for tuberculosis in a one-stage procedure. 

Paradoxical movements are prevented and the mediastinum maintained in a 
central position. The procedure has been ixerformed on 20 patients with three 
deaths. 
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HYPOPLASIA OP THE LUNG IN CONGENITAL 
DIAPHRAGJLVTIC HERNIA 

J. Rakower, JI.D., H. Milwidsky, JI.D., and P. Wayi,, JI.D. 
Jerusalem, Israel 

H ernias of the lumbocostal triangle of Bochdalek are the most common type 
of congenital diaphragmatic hernia encountered in the newborn but are 
extremely rare in adnltsd' “ This is due to the fact that most of the infants 
affected by this condition die in the fiist days after birth owing to cardio¬ 
respiratory failure. Among 50 newborn infants with this type of hernia, 
12 survived less than one hour, 9 less than twenty-four hours, and 2 less than 
thirty-six hours.’ A review of 210 cases of congenital diaphragmatic hernia 
revealed that, without operative treatment, 75 per cent of the infants died 
before the end of the first month of life.’ Prompt surgical intervention ill 
the postnatal period when the viscera arc not yet distended by air is therefore 
strongly advocated. 

However, in some cases the presence of abdominal viscera in the thorax 
is well tolerated, apparently, and the infant may grow to childhood and 
even to adult life. The diaphragmatic hernia, in such cases, may be dis¬ 
covered only on routine x-ray examination, as was the case in the patient 
whose history follows. 

CASE REEORT 

P. N., a twelve-year-old boy, was admitted to tlic Department of Chest Diseases of the 
Hadassah-University Hospital, Jerusalem, Israel, on Juno 30, 1952. His previous history 
^Yas uneventful. In October, 1951, on mass radiography, the lower two-thirds of the left 
thorax was found to be opaque (Fig. 1). This finding was interpreted as pleural effusion 
and when a pleural tap was attempted, the boy fainted and was admitted to a hospital 
where he stayed for one week. In June, 1952, pain developed in the left chest accompanied 
by fever and the boy was admitted to our hospital. On routine examination, the patient 
appeared normally developed for his age but was poorly nourished. His weight was 28 
kilograms and his height 133 cm. Mild scoliosis was noted. The temperature was 36.9* C. 
to 37.5* C., the pulse SO, the blood pressure 100/65, respirations were 20 per minute, and the 
erythrocyte sedimentation rate was 00/75. Two weeks later the temperature and erythrocyte 
sedimentation rate became normal. Hypcrrosonancc to percussion over the left chest was 
found with absence of normal vesicular breathiug and vocal fremitus. The heart sounds 
were normal. The liver and spleen were not palpable. A blood count showed 4.13 million 
red blood cells, 12 Gm. hemoglobin, 10,200 white blood cells with 55 per cent neutrophils, 
39 per cent lymphocytes, 5 per cent eosinophils, and 1 per cent monocytes. Urine analysis 
was normal. Serologic tests for syphilis were negative. The Mantoux test in 1/1,000 was 
positive. Gastric content smears and cultures were negative for acid-fast bacilli. Axl 
electrocardiogram revealed right axis deviation. The pulmonary function studies showed 
the vital capacity to be 40 per cent of the predicted value and the maximal breathing 

From the Departments of Chest Diseases and Tiioracic Surgery, Hadassah-University 
Hospital, Jerusalem, Israel. 

Received for publication June 9, 1955. 
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capacity 47 per cent of tho predicted value (Tabic I). Bronchoscopy showed a marked 
narrowing of the openings of left main and particularly of the left upper and lower lobe 
bronchi. \Vith bronchoscope No. G, it was impossible to enter farther tlmu the left-main 
bronchus. 

Chest x-ray revealed the presence of air iu the upper part of the opacity iu the left 
thorax and diaphragmatic hernia was therefore suspected (Fig. 1). A barium meal and 
a barium enema showed that all the small intestine, cccum, and colon were in the loft 
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thoiiix 2 ivni'l ?>), iind tliiit Uu> (‘ommunieation between tbo thorax and abdomen was 

in the ijo.sterior part of tlu* llioiax. 'I'lie left diaphragm was not seen on x-ray and no 
movements were visible on fluoroscopy. Itowever, a diagnostic pneumoperitoneum (Nig. 4) 
revealed diaphragmatic movements on .seieening. JtronchogiaiJhy showed very poor filling 
of the left bronchial tiee, characteristic of hypoplastic lung (Nig. Ij). On pyelography, no 
pathologic changes were found. 



KIk. a.—Kocntgenoarani aCter barium meal showing the .stomach low in the ahdomen and 

small bowel loops In the left chest. 



ji’lrr 1.—iloentgenogram taken after induction of pneumoperitoneum demonstrating pneumo¬ 
thorax on the left side. 
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Tlio clinical diagnosis nas congenital diaphragmatic liernia tlirougli tlio lumbocostal 
triangle nith hypoplasia of tho loft lung. 

Operation. —(U. M.) Under endotracheal anesthesia, tho left thura'c «.is opened through 
tho screnth intercostal space. Tho pleural cavity nas almost completely filled nith intestinal 
loops without parietal peritoneal coverings. The left lung nas tho si/o of that seen in 
a 2-year old child but showed normal development of both lobes. The loner lobe was 
atelectatic but could be inflated by positive pressure. Tho defect in the diaphragm nas 
found in its posterolateral part and measured 10 cm. by (i cm. Through tliis defect nearly 
all of the small bowel (from the upper 303011001 to the loner ileum) and the ascending, 
transverse and descending colons protruded from the abdominal into tho chest cavity. 
There were iiiunj adhesions betneen the intestines and tho margins of tho diaphragmatic 
defect, and these had to bo seveied before the bowel could be replaced into the abdomen. 
The defect in the diaphragm was repaired by two rows of mattress sutures. The left 
phrenic nerve nas eriislied. The hypoplastic long was inflated by the anesthetist but filled 
only one-third to one half of the thoiacic cavity which nas then closed with underwater- 
seal drainage. 



Fig. 5.—-Bronchogram demonstrating |)oor filling of the left bronchial tree. 

The postopcrati\e course was somewhat difficult during the first week owiug to marked 
abdominal distention whieii required the use of Wangeustecu suction. Thereafter, howeicr, 
normal bowel function was resumed and the boy became free of abdominal discomfort. 

After operation, the left lung expanded a good deal and \esicular breathing, althougli 
weaker than on the right side, became audible, particularly in the upper part of the heuii- 
tliorax. This expansion was confirmed by a second bronchography (Fig. 6 ) which showed 
good filling of the upper and lingular bronchi. Howeier, the lower bronchus still filled 
poorly. The hypoplastic lung did not fill the entire hemithorax and six weeks after operation 
a pleural effusion appeared. The pleural dead space, created after the intestines were 
replaced in the abdomen, was thereafter filled by fibrinous organization of the pleural fluid, 
elevation of the diaphragm, and mediastinal shifting. Two months after operation, respira¬ 
tory function tests showed a decrease in vital capacity of 9 per cent and of the maximum 
breathing capacity of 16 per cent, the result of pleural involvement and plirenicolysis. 
Two and one half years after operation, the boy was well and x-ray showed good expansion 
of the lung (Fig. 7). Pleural thickening was moderate, vital capacity was 48 per cent, and 
inaximum lireathing capacity 60 per cent of the predicted values (Table I). ’ 
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Bronchogram taken eight months after operation showing a good filling of the 
bronchi of the left upper lobe and poor filling of the lower lobe. 



Roentgenogram taken two and one-half years after operation showing good re 
expansion of the left lung. 
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DISCUbblON 

Although the subject of eongenit.il diaphiagiuatio hernia is esteiisively 
dealt uith m suigical literatuio and the intestinal coinplieations are well 
known, little attention has been paid to the state of the lung in this eon 
ditioii In hernia of the foianien of Bochdalek, the lung and inediastinuni 
aie usually coiiipiessed hj the laige mass of abdominal viscera which has 
enteied the tlioiax and only few infants escape eaily death If complications 
fioin congenital diaphiagmatio henna aiise duiing childhood and adoleseent 
life, they aie due mostlj to distuihed bond function such as intestinal ohstiiio- 
tion, stiangulation, etc, and this nmy account foi the fact that little mention 
IS made of the tate of the lung m this condition In addition, man> suigeons 
einploj and adiocate exchisiielj the abdominal appioaeh foi the lepaii of these 
diaphiagniatie hennas, paiticulailj on the left side Thej believe that 
leduction of the viscera is easiei by tiaction fioin beloa than by pulsion fiom 
abo\e“ It IS eiident that the use of the abdominal appioaeh piecliides pioper 
visualiration and palpation of the lung and, thus, pnlmonarj patliologj will 
escape detection and adequate treatment Othei aiitliois lecominend the 
thoiaeic appioaeh because of the bettei c\posuio obtained, the possibilitj of 
moie lapid expansion of the lung, and the much smoothei comalescence ' “ We 
employ the thoiacotomy appioaeh on henna of loiamen of Bochdalek and 
find it supenoi to the abdominal appioaeh We feel that the lung should 
be oaiefuUy examined in eveiy case and that inflation should be instituted as 
soon as the eventrated visceia have been rctuined to the abdominal cavity 
AVe have found onlj two instances in the liteiatiiie wheie the state of 
the lung in congenital diaphiagmatie heinia is mentioned Bonilla Naai and 
CO woikeis® report on a 10 yeai old boy who complained of dyspnea and in 
whom diaphiagmatie hernia was diagnosed At opeiation, a completely 
atelectatic left lung was found The uppei lobe was inflated but the lowei 
lobe lemained aiiless and funetioiiless These authois used the lower lobe 
to plug the laige defect in the posteiolateral pait of the diaphiagm Pishei'° 
lepoited on a 12 yeai old giil with diaphiagmatie heinia in whom the bioncho 
giam showed a filling defect iii the left lowei lobe During closure of the 
diaphiagmatie defect, an atelectatic and hypoplastic lower lobe was found 
In oui case, the hjpoplastie lung was inflated and its function paitially 
restoied The postopeiative x ray studies and veutilatoij function tests showed 
a maiked impiovement in piilmonaiy function in spite of phrenic inteiruption 
and pleuial fibrosis 

SUXIM \BV 

A ease of congenital diaphiagmatie heinia thioiigh the foiamen of 
Bochdalek with hypoplasia of the lung is icpoited The pioblem of the state 
of the lung in eases of diaphiagmatie henna is discussed .and the thoiaeie 
appioaeh foi tlie repair of these hernias is lecommended 

REPFRENCFS 

1 Harrington, S W Diaphragmatic Henna of Cliildren, Ann Surg 115 705, 1912 
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Roentgenogram taken two and one-half years after operation showing good re 
expansion of the left lung. 
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DISCUSSION 

Althougli the subject of congenital diaphragmatic liernia is extensively 
dealt with in surgical literature and the intestinal complications are well 
kno\vn, little attention has been paid to the state of the lung in this con¬ 
dition. In hernia of the foramen of Bochdalek, the lung and mediastinum 
are usually compressed by the large mass of abdominal viscera which has 
entered tlie thorax and only few infants escape early death. If complications 
from congenital diaphragmatic hernia arise during childhood and adolescent 
life, they arc due mostly to disturbed bowel function such as intestinal obstruc¬ 
tion, strangulation, etc., and tliis may account for tlie fact tliat little mention 
is made of tlie fate of the lung in this condition. In addition, man.v surgeons 
employ and advocate exclusively the abdominal approach for the repair of these 
diaphragmatic hernias, particularly on tlie left side. They believe that 
reduction of the viscera is easier by traction from below than by pulsion from 
above.” It is evident that the use of the abdominal approach precludes proper 
visualization and palpation of the lung and, thus, pulmonary pathology will 
escape detection and adequate treatment. Other authoi-s recommend the 
thoracic approach because of the better exposure obtained, the possibility of 
more rapid e.xpansion of the lung, and the much smoother convalescence.'"” We 
employ the thoracotomy approach on hernia of foramen of Bochdalek and 
find it superior to the abdominal approach. We feel that the lung should 
be carefully examined in every case and that inflation should be instituted as 
soon as the eventrated viscera have been returned to the abdominal cavity. 

We have found only two instances in the literature where the state of 
the lung in congenital diaphragmatic hernia is mentioned. Bonilla-Naar and 
co-workers” report on a 10-yoar-old boy who complained of dyspnea and in 
whom diaphragmatic hernia was diagnosed. At operation, a completely 
atelectatie left lung was found. The upper lobe was inflated but the lower 
lobe remained airless and functionless. These authors used the lower lobe 
to plug the large defect in the posterolateral part of the diaphragm. Fisher'” 
reported on a 12-year-old girl with diaphragmatic hernia in whom the broncho- 
gram showed a filling defect in the left lower lobe. During closure of the 
diaphragmatic defect, an atelectatie and hypoplastic lower lobe was found. 

In our case, the hypoplastic Imig was inflated and its function partially 
restored. The postoperative x-ray studies and ventilatory function tests showed 
a marked improvement in pulmonary function in spite of phrenic interruption 
and pleural fibrosis. 

SDMM,VKY 

A case of congenital diaphragmatic hernia through the foramen of 
Bochdalek with hypoplasia of the lung is reported. The problem of the state 
of the lung in cases of diaphragmatic hernia is discussed and the thoracic 
approach for the repair of these hernias is recommended. 
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Five-Year Survival Without Rkcurkexce or ilETASTASES Following Radical 
Resection and Postoperative Irradiation 
AYilliaai JL Ciiardack, il.D., Bupfalo, N. Y., and James D. JIacCalluji, II.D., 

Warsaw, N. Y. 


P AIN, paralysis, and atrophy within the lower brachial plexus territory, 
Horner’s syndrome, and a density in the pulmonary apex with erosion of 
adjacent ribs are the salient features of the Pancoast syndrome. Although 
similar isolated eases had been described prior to Paneoast’s original publica¬ 
tion in 1921,'” he was the first to draw wide attention to the entity now bear¬ 
ing his name. 

Three typical cases formed the basis of his report. A biopsy had been 
taken in 2 of the 3 eases and had revealed a malignant tumor; death had oc¬ 
curred rapidly in all 0 from what he termed a “comparatively trivial growth 
without detectable metastases.’’ 

Pancoast thought he was dealing with a new and specific clinical entity, 
a carcinoma arising from epithelial rests of the fifth branchial pouch. 

In 1932, addressing the Radiological Section of the American ilcdical 
Association, he'^ reported -t additional cases, suggested that the lesion bo called 
“superior sulcus tumor,’’ and restated his belief in its branchial origin al¬ 
though he prudently added; “It is po.ssible that this designation may be 
changed again with a better knowledge of the histopathology of the growth.’’ 

Herbut and Watson® reviewed the literature on this subject in 1946, col¬ 
lected 151 eases, concluded that a vai'icty of malignant tumors can indeed pro¬ 
duce this syndrome and proposed the comprehensive designation of “tumor of 
the thoracic inlet producing the Pancoast syndrome.” In 1953, in our pre¬ 
liminary report on this case,® we reviewed all contributions to tliis subject 
published subsequently to Herbut and Watson’s study and this perusal of the 
world literature has been brought up to date, ilention will be made in the 
text only of those publications dealing with new and pertinent facts. For a 
detailed description of the syndrome, the reader is referred to Herbut and 
Watson’s article. We shall limit oui'selvcs to a summary of the present con¬ 
cept of this lesion and a follow-up report on a five-year survival and possible 
cure following removal of such a tumor. 

The anatomic location of this lesion within the confines of the thoracic 
inlet determines its clinical features; the latter are the result of compression 
and invasion of the brachial plexus, sympathetic chain, and the surround- 
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ing ribs. Depending npon size, stage of development, and invasive ciualities 
of the lesion, the syndrome may be incomplete or additional features may 
appear as further neighboring structures, vascular or other, become engulfed 
by the tumor. 

With regard to the origin of the lesion, Paneoast’s concept of a specific 
branchiogenic epithelioma was discarded as subsequent observations showed 
that a wide variety of malignant tumors may produce a Pancoast syndrome, 
either by direct extension into or by metastases located in the thoracic inlet. 
However, the vast majority of such cases are due to a bronchogenic carcinoma 
arising in the extreme pulmonary apex. 

There has been unanimity of opinion in the past on the rapidly fatal 
course of these tumors. Indeed, it is widely held that the lesion is an in¬ 
curable one and that the presence of a Paneoast syndrome signifies inopera¬ 
bility and prohibits surgical exploration. 

Past experience, it is true, had justified the pessimism expressed with 
regard to the prognosis of a Paneoast syndrome. Herbut and Watson® stated 
in 1946, “to date the disease has been 100 per cent fatal. Roentgen therapy 
so far appears of no avail.” They suggested, however, that in the future an 
operable case might be detected and urged thorough investigation, even by 
surgical exploration if necessary, of any persistent neuritic pain of the upper 
limb. Walker,^^ in 1946, wrote “death has occurred in all cases recognized 
up to the present time. In no instance has it been possible to remove the tumor 
surgically and irradiation has not been of palliative benefit.” 

A review of the literature up to the date of this publication has failed to 
yield any authenicated cases of a successful resection of such a tumor with 
the exception of the 1 reported by the authors in 1953. Actually only seven 
explorations of these lesions had by then been recorded, and in no instance 
had the tumor been resected. More recently, Becker,^ in 1953, recorded an 
exploratory thoracotomy but the tumor was nonresectable. Hamm,^ in 1952, 
stated that only operative treatment might improve the prognosis and he 
) quoted Frey who is said to have reported a successful surgical resection of 
such a tumor to the Congress of Internal Medicine in 1951. Prey’s® address, 
however, does not contain any reference to a Paneoast tumor. The presenta¬ 
tion dealt with recent advances in thoracic surgery and made mention only 
of a case of a sarcoma of the lung in the dependent portion of the left upper 
lobe with invasion of the chest wall in this lower area. 

While the experience with x-ray treatment of this lesion had also been 
uniformly disappointing in the past and the majority of reports indicated 
that it had been of no avail, there have been some recent exceptions to this 
view. Hamm’’ records a case of undifferentiated epithelioma producing a 
Paneoast tumor and proved by biopsy. He states that delivery of 2,800 r 
led to a surprise remission which had lasted for more than one year at the 
time of his publication and the patient was then still under observation. Haas 
and associates,® in 1954, stated that they had relatively better success with 
Paneoast type lesions than with other bronchogenic neoplasms. They had 
treated 4 patients with such tumors and, of these, 1 was living and well thirty- 
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four months after irtadiation Theie had been legiession of the mass as well 
as 1 eealcification of the lib after delivery ol 11,0G3 r by betation therapy. 
No details aie given with legald to histologic proof of the nature of the 
lesion. Jliceli," in 1952, stated that he had obtained some tempoiaiy relief by 
x-ray thei apy. 




^ PCotoeraph of the riglit shoulder and apex of the lun& at time of ad- 
ThoraSo'sur/. Apnlf 195n “ operation (fl) (A, From Chardack and MacCallum, J 
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Malcolmson,® in 1947, reported a case in which irradiation had produced 
the regression of a large mass in the left upper lobe. The patient had been 
followed for eighteen years and the tentative diagnosis suggested by the Mayo 
Clinic was one of lymphoblastoma. Formal proof by biopsy had not been ob¬ 
tained. 

It may then be stated that only a very few patients with Pancoast tumors 
have had exploratory operations, that we know of no other instance of a suc¬ 
cessful resection, and that in the opinion of the majority of writers, x-ray 
therapy has been of no avail in proved carcinoma with the exception of the 
previously quoted instances in none of which, however, has it produced an 
authenticated cure in a proved malignant tumor. 



Pi^. 2.—Artist's conception of the operative field and the line of incision. (From J. Thoracic 

Surg.. April, 1953.) 

CASE REPORT 

H. K., a 54-year-old white man, was admitted to the Veterans Administration Hospital 
in Buffalo, N. Y., on April 19, 1950, complaining of excruciating and intractable pain 
around the shoulder which radiated into the ulnar territory. A paralysis of ulnar distribu¬ 
tion was present. There were ptosis and myosis of the right eye and an x-ray of the chest 
showed a small density in the right apex (Fig. 1, A). Additional laboratory findings were 
noncontributory. The clinical diagnosis was apical bronchiogenic carcinoma with Pancoast 
syndrome and surgical intervention was carried out on May 15, 1950. 

Operative Procedure .—For a detailed description of technique, tlie reader is referred to 
our original repoit in 1953.-* .Suftiee it to say lieie that through a long periscapular incision, 
tlie tumor was removed in toto by a right upper lobectomy and on bloc excision of tlie in¬ 
volved ribs, pleura, eudothoracic fascia, and spinal nerve roots at the level of the first and tlie 
eighth thoracic vertebrae, and the seventh cervical vertebra. Fig. 2 shows surgical exposure 
and the tumor extending through the apex of the pleural dome into the brachial plexus and it 
was felt that by sacrificing the invaded roots, there was a reasonable chance to remove tl>e 
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Fig. 3—High power microphotograph of the tumor tissue from the mtrapulmonary com¬ 
ponent (A), and mjcrophotograph showing invasion of a brachial plexus nerve (B). ^From 
J. Thoracic Surg., April. 1963.) 
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entne growth. Pathologic examination of the specimen levealed a highly undifferentiated 
squamous cell eaicinoma, cleaily originating in and tiaceable to one of the minor branches 
of the right upper-lobe bronchus. Invasion by the tumor of the perineural spaces of the 
brachial plexus cord is denronstrated on the photomicrograph irr Pig. 3. 

Postoperative Couise and Follow up .—The postoperative course was urrcventful. Neuro¬ 
logic examination revealed the e.xpected deficit due to removal of roots at the level of the 
seventh and eighth cervical vertebrae and the first thoracic vertebra but the postoperative 
changes were hardly more extensive tharr the damage from tumor involvement observed 
preoperatrvel}'. 



A. B. 

Frg. 4.—Photogrraphs of the patient in 1952 (.4), and in April, 1955 (B). {A, Prom J. 

Thoracic Surg., April, 1953 ) 


jr 


^ Although recorded expeiience with radiotheiapy had been disappointing, it was felt 
that, in this instance, with all gross carcinoma removed and the overlying bony structures 
resected, the possibility of delivering a cancerocidal dose to any potentially remaining 
microscopic foci of an undifferentiated tumor was greatly enhanced. Accordingly, three 
weeks after surgery, radiation therapy was begun and 6,528 r (half value layer copper 25 
mm.) were delivered over fifty-four days to the general tumor area.* 

The patient -was followed at approximately three-nionth intervals and his present 
status five years after the operation is as follows: he weighs approximately one hundred 
seventy pounds, ten pounds more than before the operation and Ins weight has been stable 
since 1951. His general condition is excellent. There is no evidence of recurrence or 
metastasis and there has been no increase in the extent of his paralysis. Trophic changes 
of the tissues of the hand are marked. He complains of an occasional mild, burning 
sensation in the right hand but grades this as negligible compared to the pain sensation before 
the operation. This slight discomfort is entirely acceptable to the patient and he does 
not require medication. There is no inteiference with sleep. He has adjusted to the dis¬ 
ability resulting from the paralysis and feels that the limb is still partially useful to 
him. He was last examined in April, 1955. 


*Therapy was cairieel out by Di. Waltei T Murphy, Roswell Park Memorial Institute, 
Buffalo, N. Y., Consultant Radiotherapist to the VA Hospital, Buffalo, N. Y. 
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UlfeCUSSIO'I 

Since, m the view of nianj sni gcoiis, it is M idely belies etl that the pi esonee 
of a Pancoast tiimoi signifies inopeiahility and iiicuiability and constitutes 
a contiaindication to exploiatioii, i\c feel that, in the light of oiii cxpeiicnce, 
this concept deseives lesisioii It has been shown that a Paneoast tumor, or 
more specifically, that a bioiiehogcnic taiciiioma with Paneoast syiidiome has 
been successfully treated hj radical icscctioii of all iinohed stiuctuies, fol¬ 
lowed by radiotheiapy Seieial aspects dcseiic fuithci discussion 

Of particular inteiest is the question as to uhethei a Paneoast syndiome 
is invaiiahly and e\clusi\ely due to a malignant tunioi oi whethei a benign 
tumoi 01 e\en a iioiiiieoplastic lesion 11103 ' on occasion be lespoiisible foi a 
similai symptom comples Both questions ean be catcgoiically answered in 
the positive since 0111 levicw of the litcratuic, in 1953, Yielded 6 such authen¬ 
ticated eases In 1 instance, a neiiioina nas lespoiisible for the syndiome, 
tubeiculosis accounted ioi 3 and a Hand Schullci Chiistiaii disease and a non¬ 
specific pneumonitis ol the left uiipci lobe toi the 1 eiiiainiiig 2 eases Since 
then, similar expoiieiiees ha\e eonie to light D’Eseliougucs and Houel,'’ in 
1954, lepoited a Paneoast S 3 iidioiiic due to the pioscnce of a fist si/ed hs'datid 
cyst lemovcd by thoiacotomy Bellion,- m 1933, and ilaiques and associates,*" 
111 1952, lepoitod the picsencc of a Paneoast syndiome due to Hodgkin’s dis¬ 
ease proved by biopsy and ticatcd ladiologically The iiiipoitance of these 
observations is coiisuleiable since they indicate that it is the location and not 
the nature of the e\panding lesion that is lespousiblc foi the genesis of the 
syndrome Pai fioiu contiaindicatmg siiigical exploi ation, the piesenee of a 
Paneoast syndiome impoiatucly dictates iiitei\eiition since on eiitiiely benign 
lesion and one not iiecessaiily amenable to ladiotheiapy 11103 '' ^*6 cause 

The question may be laised as to the pait played by the ladiatioii therapy 
in the cuie of oui ease In past expciiciiee, indiotheiap 3 alone has not been 
capable of acliicMiig a cuie of a Paneoast sviidiome due to a pioved inaligiiaiit 
tumor Radical siiigieal lemoial followed by intensive iadiotheiap 3 ' may well 
be moie potent than eithei method alone, when one is dealing with a tumor 
showing invasion of piefoimed and lymphatic spaces such as was the case here 
It seems logical to assume that while all giossly lecogiiiaable tiinioi tissue nitli an 
appaiontly adequate niaigin ot iioimal tissue is remoeed b} ladical suigeiv, 
mieioscopie foci may lemain beyond the field of excision and it is conceivable 
that a eanceroeidal dose delucied to a iclati\el 3 wide field may be of value, 
especially when oveilying soft tissues and bony stiuctuies have been lemoved 
In any event, the comhination of extensive lemoval followed by ladiotheiapy 
was capable of dealing with a lesion herctofoie eoiisideied to be alwa 3 's iapidl 3 ’' 
fatal 

In addition to the now pioved possibility of achieving at least a five 3 eai 
suivival without demoiistiable icciiiienec 01 metastases, suigieal lemoval is 
capable of pioduciiig impoitant palhation in a disease notonous for the iin 
beaiablc pain and diseomfoit it pioduces Even if not entiielv removable, 
partial ablation ot a tumoi m this paiticulai location is justifiable since it ean 
produce impiessivc pain lelief Since oui oiiginal communication in 1953," wo 
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DISCUSSIO'^ 

Since, in the \ie\\ of inaiij siugcons, it is wiclely ljelie\e(l that the piesence 
of a Pancoast tumoi signifies niopci ability anil intiuabilitj and constitutes 
a contramdieation to exploration, iie feel that, in the light oi oui expeiience, 
this concept deserves levision It has betn shown that a Pancoast tnmoi, or 
more specifically, that a bionchogcnie caicmonia with Paneoast syndiome has 
been successfullj tieated by ladieal leseUion ot all nnohed stiuctures, fol¬ 
lowed by radiotheiapy Seieial aspeets dcseivc fiiitliei discussion 

Of paiticulai inteicst is the fiucstioii as to whethci a Pantoast syndrome 
IS invariably and cxelusncly due to a malignant tnmoi oi whethei a benign 
tumor or even a nonncoiilastic lesion may on occasion be responsible for a 
similar symptom complex Both (piestioiis can be catcgoiieally answeied m 
the positixe since our leiiew ot the litciatuie, in 1953, xiclded 6 such authen¬ 
ticated cases Ill 1 instance, a nciuoiiia was lespoiisible for the svndronie, 
tubeiculosis accounted loi 3 and a Hand Schullei Chiistiaii disease and a non¬ 
specific pneumonitis ot the left upper lobe toi the iciuainmg 2 cases Since 
then, similar expeiitnces have come to light D’Eschougues and Houcl,^ in 
1954, repoitcd a Paneoast sjndiome due to the piesence of a fist sized hjdatid 
cyst 1 emoted by thoiacotomy Bellion," in 1953, and Maiqiies and associates,’" 
in 1952, repoited the piesence of a Paneoast sjndiome due to Hodgkin’s dis¬ 
ease piotcd bj biopsy and tieated ladiologically The iiiipoitance of these 
observations is coiisideiable since they indicate that it is the location and not 
the nature of the expanding lesion that is icsponsible foi the genesis of the 
syndiome Pai fiom eontiaindicatiiig suigical exploiation, the piesence of a 
Paneoast syndiome impeiatitcly dictates iiitciicntion since an entiielj’’ benign 
lesion and one not necessarilj' amenable to ladiotheiapj may be its cause 

The question may be laised as to the pait played by the ladiation therapy 
m the cure of oui case In past expciiciice, ladiotlieiapv alone has not been 
capable of achieiing a euie ot a Paneoast syndiome due to a pioved malignant 
tumor Kadical suigieal lemoial followed by inteiisiie ladiotheiapj may- well 
be more potent than eithei method alone, when one is dealing with a tumor 
showing invasion of pieformed and lymphatic spaces such as was the case here 
It seems logical to assume that while all giossly iccognizable tumoi tissue with an 
appaientlv adequate margin ot noimal tissue is lemoied by ladieal suigeii, 
inieioscopie foci may leiiiain beyond the field ot excision and it is conceivable 
that a cancelocidal dose delivcied to a idatively wide field may be of value, 
especially when oveilying soft tissues and bony stiuctuies have been leiiioved 
In any event, the coiiibinatioii of extensive leinoval followed by iadiotlieiapy 
was capable of dealnig with a lesion hcictofoie consideied to be always lapidly 
fatal 

In addition to the now piovcd possibility of achieving at least a five year 
siiivival without demonstiable leciuieiice oi nietastases, suigieal lemoval is 
capable of piodueiiig impoitant palliation in a disease notoiious foi the un¬ 
bearable pain and discomfoit it pioduces Even if not entiiely lemovable, 
paitial ablation of a tumor in this paiticuIai location is justifiable since it can 
produce impiessive pain lelief Since our oiiguial communication in 1953," we 
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entire growth. Pathologic examination of the specimen revealed a highly undifferentiated 
squamous-cell carcinoma, clearly originating in and traceable to one of the minor branches 
of the right upper-lobe bronchus. Invasion by the tumor of the perineural spaces of the 
brachial plexus cord is demonstrated on the photomicrogiaph in Pig. 3. 

Postoperative Course and Follow-up .—The postoperative course was uneventful. Neuro¬ 
logic examination revealed the expected deficit due to removal of roots at the level of the 
seventh and eighth cervical vertebrae and the first thoracic vertebra but the postoperative 
changes were hardly more extensive than the damage from tumor involvement observed 
preoperative^}^ 



A. B. 

Fie. 4 .—Photographs of the patient in 1952 (A), and in April, 1955 (B). (A, From J. 

Thoracic Surg., April, 1953.) 


Although recorded experience with radiotherapy had been disappointing, it was felt 
that, in this instance, with all gross carcinoma removed and the overlying bony structures 
resected, the possibility of delivering a cancerocidal dose to any potentially remaining 
microscopic foci of an undifferentiated tumor was greatly enhanced. Accordingly, three 
weeks after surgery, radiation therapy was begun and 6,528 r (half value layer copper 25 
mm.) were delivered over fifty-four days to the general tumor area.* 

The patient was followed at approximately three-month intervals and his present 
status five years after the operation is as follows: he weighs approximately one hundred 
seventy pounds, ten pounds more than before the operation and his weight has been stable 
since 1951. His general condition is excellent. There is no evidence of recurrence or 
metastasis and there has been no increase in the extent of his paralysis. Trophic changes 
of the tissues of the hand are marked. He complains of an occasional mild, burning 
sensation in the right hand but grades this as negligible compared to the pain sensation before 
the operation. This slight discomfort is entirely acceptable to the patient and he does 
not require medication. There is no interference with sleep. He has adjusted to the dis¬ 
ability resulting from the paralysis and feels that the limb is still partially useful to 
him. He was last examined in April, 1955. 

»Therapy Avas carried out by Dr. Walter T. Murphy, Roswell Park Memorial Institute, 
Buffalo, N. Y., Consultant Radiotherapist to the VA Hospital. Buffalo, N. Y. 
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Discnssiov 

Since, in the mow of ni.inj siiigeoiis, it is ivulely belies eil tli.it the picscnce 
of a Pancoabt tunioi signifies inopeiability aiij ineiuability and constitutes 
a contraindication to esploiation, we led that, in the light of oui cvperience, 
this concept deserves ie\ision It has been shown that a Pancoast tunioi, or 
more specifically, that a bionchogeme caicinoma with Pancuast syndioine has 
been successfully ticated by ladical lescction of all iinohed stiiictuies, fol¬ 
lowed by ladiotlieiapy Seieial aspects descue fuithei discussion 

Of particulai iiiteicst is the iiucstion as to whetliei a Paiicoast syndroiiie 
IS invariably and e\clusi\cly due to a niahgnant tuiiioi oi whethei a benign 
tunioi or even a iioiiiieoplastie lesion niaj' on occasion be icspoiisible for a 
similar symptom complex Both uncstioiis can be categoi ically answered m 
the positive since oui icniew ot the liteiatuie, in 1953, >iclded 6 such aiithen- 
ticdted eases In 1 iiistancc, a iieiuoma was usiionsiblc foi the syiidionie, 
tuberculosis accounted loi 3 and a Hand Schiillei Cliiistiaii disease and a non¬ 
specific pneumonitis of the lett uppei lobe toi the lemaiiimg 2 eases Since 
then, similai oxperiemes ha\c come to light B’Bsclioiigiics and Houcl,* in 
1954, lepoitcd a Paiicoast sjiidioiiic due to the piesoiice of a fist sired livdatid 
cyst lemoved by thoiaeotoniy Bellion,- in 1953, and Jlaiques and associates,"* 
in 1952, repoited the picseiice of a Paiicoast sjiidiome due to Hodgkin's dis 
ease proved by biopsi and tieatcd ladiologicallj The importance of these 
observations is consideiable since they indicate that it is the location and not 
the nature of the expanding lesion that is lesponsible foi the genesis of the 
syndrome Pai fioiu contiaiiidieatiiig suigical exploiation, the pieseiice of a 
Pancoast syndioine impeiatuely dictates iiiteneiition since an entiiely benign 
lesion and one not iieeessaiily amenable to ladiotlieiapj may be its cause 

The question may be laised as to the pait played by the ladiatioii theiapy 
in the cure of oiii ease In past cxpciieiice, ladiotlieiapy alone has not been 
capable of achieving a cuie of a Paiicoast syndioine due to a pioved iiialigiiaiit 
tumor Radical suigical lenioval tollowcd by intensive ladiotheiapy may well 
be more potent than eithei method alone, when one is dealing with a tunioi 
showing invasion of prefoimed and lymphatic spaces such as was the case here 
It seems logical to assume that while all giosslv lecogiiuable tunioi tissue with an 
appaieiitly^ adequate iiiaigin ot iioinial tissue is leiiioved by ladical siiigeiv, 
microscopic foci may lemaiii beyond the field ot excision and it is conceivable 
that a cancelocidal dose delivered to a idatively wide field may be of value, 
especially when oveilying soft tissues and bony stuictuies have been lemov ed 
In any event, the combination of extensive lemoval followed by ladiotlieiapy 
was capable of dealing with a lesion heietofoie considered to be always lapidly 
fatal 

In addition to the now piovcd possibility of achieving at least a five year 
survival without demonstiablo leciiiience oi metastasos, suigical removal is 
capable of producing impoitant palliation in a disease iiotoiious foi the un- 
beaiable pam and discomfoit it produces Even if not entuely lemovable, 
partial ablation of a tunioi in this paiticulai location is justifiable since it can 
produce impressive pam leliof Smee oui oiignial oommuiiication in 1953,’ we 
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have had occasion to perfoi'm an incomplete removal and decompression of a 
Paneoast tumor in 3 additional cases. One of these patients died a few months 
after operation but 2 of the patients arc still under observation, although only a 
few months have elapsed since surgical intervention. In both, radiotlierapy was 
directed to the remaining small and unresectable portions of the tumor, and 
palliation has been remarkable. 


SUMMARY AND CONCLUSIONS 

1. A follow-up report on a case of Pancoast syndrome due to broncho¬ 
genic carcinoma is presented. This lesion, generally thought to be inoperable, 
has been successfully treated by en bloc resection of the tumor and ad,jaeent 
involved structures, followed by irradiation. The patient is now well and 
free of I’ecurrenee and metastases five years after the procedure. 

2. The prevailing concept that the Paneoast syndrome signifies inopera¬ 
bility and incurability should be reconsidered and any unexplained persistent 
neuritic pain in the upper limb should be thoroughly investigated with the 
possibility of a Paneoast syndrome-producing lesion in inind. Earliest sur¬ 
gical exploration is justified because: (a) the lesion may be benign and not 
necessarily radiosensitive, (b) if it is malignant, it may be resectable and 
possibly be curable, and (c) if it is not resectable, important palliative benefits 
may be achieved by decompression in an otherwise hopeless and extremely 
distressing type of tumor. 

Addendum: The patient was seen last at this hospital in Pebrnary, 1955. He was well. 
On, March 13, 1956, he died after a brief illness, five years and ten mouths after his operation. 
A post-mortem examination was granted and no evidence of recurrence or metastases was 
found. The thoracic organs as well as the contents of the right supraclavicular triangle ■were 
dissected grossly and studied microscopically by Dr. Nornel L. Terplan, Professor of Pathology, 
University of Buffalo School of Medicine. The cause of deatli was broneJiopneumonia, mild 
cor pulmonale, and myocardial failure. There was no evidence of tumor. 
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THE PROBLEJI OP CARCINOAIA IN ACHALASIA 

SivnliyE Poiiin, JID.JouvA I? \SMUSbrN, M D , wd 
R Russt LL Bi ST, JI T> 

Omvhi, Nrn 

T IIOSi; exploio foi tlio fust time the litciatiiie on this intciesting sii)) 

jeet are met immcdiateh h\ a nimihcr of paiadoves, most of which aie 
(lifluiilt to icsohe 

The lopoited niimliei of eases is leiiiaiKahlj small, hut moie lemaiKahle 
IS the fact that teitaiii eases lia\e heeii excluded liom a ie\iew of the Iiteiatuie, 
“wheie It has not been possible, owing to waitime dispersal of medical libiaiies, 
to studj the oiiginal aitielo Othei cases lune not been included in tabulated 
leviews because of “insufficient cluneal details 

We feel that to peipetiiatc the ligttic of 15 oi 16" “ leiioited cases ae 
complishes notlimg, foi lepotted cases aic no index of oociiiienco piitieulailv 
when thou \oij nuiiibors aie suspeet 

llaiij nioie impondei aides arise Gottstciir' leported the incidence of 
caicinonia in achalasia in his senes at 10 pci cent, RaUe“ lopoited an incidence 
of 20 pel cent Poles apait, statisticallj, is ViiisoiP who makes no mention 
of eaicinoma in repoiting 683 cases of achalasia 

AVlieii one appioachcs the piohlcm fiom the aspect of esophageal eaicinoma, 
essential agieement with infiequeiiey is fomid In an expeiience with oiei 
GOO cases of eaicinoma of the esophagus, Piiestow had none associated with 
achalasia ® 

Attempts to lesohe these opposites liaie the appeal of lationalizing that 
the Euiopean incidence is higlici, oi that oiii ideiitihcation of this disease 
association is eaieless oi not lecoidcd We have no pioof of the foiiiiei but 
we believe the lattei possible, in om own gcogiaphie aiea at least 

JIuch stiess has been placed upon lepeated esophagoscopio examinations 
in achalasia to detect the development of caieinomatous change This is indeed 
worthy AVe feel also that the peiiodie esophagogiani done by an expeiieneed 
radiologist in a wellpiepaied esophagus will be useful and iiiav' piovide the 
necessary peiiodic follow up foi moie patients In levievvmg the assembled 
cases, we were impressed bj the high incidence of positive radiologic diagnoses 
of tuiiioi, if the possibility weie kept m mind 

Stimulated by a recent case of oui own, we have reviewed all detailed 
eases m the English literatuie in an effoit to find an early clue to this toiim 
dable complication of achalasia (Table I) 

From the University of Nehn«ka College of ^ledicine Omaha Iseb 
Heceived for publication Juno 20 1955 
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DUUATION 

OP 

ASPIF^TION 

pneu¬ 



WEIGHT 


■ ~ 

SEX 

AGE 

achalasia 

monia 

BLEEDING 

ANEMIA 

LOSS 

CHANGE IN HISTOP.Y 


P 

47 

10 years 

None 

Not stated 

Yes 

“Several Increase in severity an 
pounds” loss of intermittencj 
of dysphagia 

lum and 
erio Case III 

P 

47 

10 years 

Question¬ 

able 

Yes 

Yes 

Yes 

Not stated 

lum and 
leri 0 Case IV 

M 

4C 

IS years 

None 

Not stated 

Not 

stated 

Yes 

Cough and iveight loss 

and 

nedyT 

M 

34 

S years 

None 

Not stated 

Not 

stated 

Yes 

Progressive dysphagia 

4 

M 

47 

10 years 

None 

Not stated 

No 

Yes 

Progre.ssive dysphagia 

md Sicheri 

11 

65 

20 years 

None 

Yes; vom- 
itus 

Not 

stated 

Emaci¬ 

ation 

Increasing dysphagia; 
hematemesis 

and Lam 2 

M 

42 

10 years 

None 

Yes; vom- 
itus 

Not 

stated 

30 

pounds 

Hematemesis; return o 
dysphagia on conser¬ 
vative management 


ar 

56 

24 years 

Yes 

Not stated 

Yes 

30 

pounds 

Chills, fever, productiv 
cough 

, Easmusaen 
Best 

M 

51 

4-5 years 

Yes 

No 

No 

20 

pounds 

Progressive dysphagia 


The sex incidence, as with carcinoma of the esophagus alone, is pre¬ 
dominantly male. The age incidence is that of carcinoma in general. 

It would appear that carcinoma favors long-standing achalasia; the 
average duration of proved or suspected esophageal dilation being twelve years. 
This fact, along with the low incidence of tumor, is difficult to reconcile with 
the belief that chronic irritation is important in the development of epidermoid 
carcinoma. 

Aspiration pneumonia, probably a later manifestation and what first 
brought our patient to seek medical aid, was not common in the reviewed eases. 

Bleeding, either hematemesis or melena, is not usual in uncomplicated 
achalasia. Though associated with other complications, its appearance with 
achalasia demands a careful search for carcinoma. The presence of secondary 
anemia requires the same attention. 

Weight loss has been consistent in all cases and must not be explained 
carelessly as being due to the existing disease. 

The major pitfall in the diagnosis is dysphagia, this sign being cardinal 
in both carcinoma and achalasia. In the former, we have believed it to be 
due to the mechanical influence of the progressive narrowing of the lumen 
of the esophagus. We were surprised to find that annular carcinomatous 
involvement in achalasia was rare, recognizing that the di.stanee “traveled” 
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VIDENCE 

I 

1 ESOPIIAGOSCOpy 1 

1 

LOCATION OP 
TOilOU 

1 

1 

SUaCERV 

1 

SUUVIVAL 1 

COMMENT 

-tion, 

0 third 

Ulcerating grouth; not Junction mid- 
annular dlo and distal 

thirds 

Fsophagogas- 

trectomy 

2 days 

Epideimoid tumor 


Fiingating nia.ss; not 
annular 

Fro\inial part 
of distal 
third 

Not stated 

Not stated 

S(juamous-eell, grade I 


Fungating mass; not 
annular 

Upper middle 
third 

Not stated 

Not stated 

Squamous-cell 


‘ ‘ Large ulcerating le¬ 
sion”; not annular 

Distal third 

None; irra¬ 
diation 

9 plus 
months 

Squamous-cell, grade 11 


‘^Ulcerating and bleed-Middle third 
ing mass”; ? annular 

None; irra¬ 
diation 

10 months 

Squamous-cell, grade I] 


Ulcoruting growth; not 
azuiular 

itiddlc third 

Gastrostomy 

15 days 

Associated carcinoma < 
cardia; squamous-cell 
in type as was eso¬ 
phageal lesion 


Not douo 

Middle third 

Ueller—car- 
(liomyotomy 

Less than 
uO da^s 

Squamous-cell carcinomi 

no 

Not done; tumor l^h.s 
circumfereuco on 
post mortem 

Distal third 

Jejunostomy 

7 clays 

Low-grade squamous-ce 
carcinoma 


Ulcerating lesion 

Middle third 

Resection with 
csopJjagogas- 
trostoiny 

Died of re- 
recurrence 
ate months 

Epidermoid caremoma, 
grade III; with meta. 
tases to upper gastn 
nodes 


by the tumof to accomplish complete encirclement would be many times greatex’. 
Still, with complete encirclement, many patients exhibited an unrelenting 
dysphagia with loss of a previously intermittent character. This, or an advanc¬ 
ing dysphagia after certain stability in its severity, we believe to be of diag¬ 
nostic significance. 

If food stasis or peptic regurgitation was a constant factor in mucosal 
neoplasia of the esophagus, one would expect to find carcinoma in the distal 
third of the esophagus. Actually, most cases showed malignant changes in 
the middle third of the esoixliagus or at the extremities of this segment. 

One must e.xpect that, unless an early diagnosis can be made, involvement 
by contiguous growth will occur before lateral submucosal growth will augment 
dysphagia or before intramural growth will manifest bleeding. The surgical 
eui-e of primary carcinojna of the esophagus is poor because of early invasion 
of adjacent vital structures; the cure rate of carcinoma in achalasia can be 
e.xpected to be poorer. 

Except in one instance, no direct surgical attack has been made in the 
cases reviewed. Sieher’s° patient, who had one of the few lesions of the 
distal esophagus, was subjected to resection and csophagogastrostomy but 
survived only two days. 
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We subscribe to resectional surgeiy in these cases, if possible, on the same 
grounds that we subscribe to resectional surgery in "primary” esophageal 
carcinoma, particularly since irradiation offers nothing for the palliation of 
achalasia. The emotional reward from a patient who can swallow again buffers 
the moral uncertainty plaguing the surgeon who must do major palliative 
surgery. 

We agree with Gore and Lam- that a right thoracotomy is desirable and 
utilized a technique similar to that described by DeBakey and Cooley.^^ 



Fig-. 1. Fig. 2. 

Fig. 1.—Achalasia of flve years’ duration with recent unrelenting dysphagia. Note 
annular constriction with fluid level distally. 

Fig. 2.—^Postoperative barium study. Stomach in right hemiUioras, less dilatation of 
proximal esophagus. 


SUilM^VRY 

1. Detailed published eases of carcinoma of the esophagus complicating 
aelialasia have been re^^ewed. 

2. Bleeding or progressive unrelenting dysphagia in achalasia warrants a 
careful search for carcinoma. 

3. The need for periodic esophagoscopy and esophagograms is again 
stressed. 
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Addendxm: Since tliia paper ■\\ns submitted for publication, \'.o Iiave noted an article 
by Klayuian (M. I. Klaymau, Ann. Int. ATcd., 43: 33-44, 1055) describing two patients with 
long-standing cardiospasm wliose subsequent carcinoma ^^as i)roved by exfoliuthc cytology, 
the possibility being suspect in only one of these. 
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A teciinic^Uj aid in dilatation of esophageal stpjotupe 

Benedict E. W.vlske, M.D.* 

Lincoln, Neb. 

D ilatation of a benign stricture of the e.sophagus is a simple procedure 
in most instances and is deserving of little comment. There is little di.s- 
agreement as to the safest methods to he employed. Blind methods are unsafe 
and are not to be recommended. Dilatation under direct vision or over a taut- 
string guide will prevent the creation of a false passage and all its secpielae. 
I, personally, prefer the latter since the method is simple and dilatation can be 
extended to the fuU normal diameter as indicated. 

The passage of a string with a small lead shot attached would, indeed, 
appear to be a simple solution to the problem. There are instances, however, 
where the stricture is extremely narrow and there is a definite shelf or ledge just 
above the opening where the lead shot may “hang up” and pass with extreme 
difficulty. It occurred to me that a segment of fine watch chain or charm 
bracelet chain might be substituted for the lead shot. This has proved to be a 
most effective means of passing the guide string when a lead shot fails to pass. 
Fig. 1 shows the watch chain and a length of string. Pig. 2 shows the chain 
at proper level for adequate anchorage of the guide string. 

A survey of the available literature did not disclose a report of a shnilar 
method. The simple technical aid described here has been most useful in a 
number of mstances and is recommended to facilitate the passage of a guide 
string in a difficult ease. 


From the Veterans Administration Ho.spitaI, Lincoln, Neb. 

Received for publication June 21, 1955. 

*Chief, Surgical Services and Thoracic Surgical Section, VA Hospital, Lincoln, Neb. 
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SUKGICAL MANAGEMENT OP CONGENITAL TEACHEO- 
ESOPHAGEAL FISTULA AND ESOPHAGEAL ATRESIA 

First Report op Patient Surviving Primary Operative Correction of Near 
Total Thoracic Esophageal Atresia 

R^vlph Berg, Jr., M.D.'^ 

Spokane, Wash. 

P RIOR to 1939, all forms of therapy for tracheo-esophageal fistula and 
esophageal atresia failed. No infant with esophageal atresia survived. 
Ladd’- of Boston and Leven- of St. Paul, in 1939, independently, obtained 
survival in infants with esophageal atresia and distal fistula by closing the 
fistula and performing cervical esophagostomy and gastrostom}^ In an infant 
treated by this method, the end result was compatible with life. However, the 
patient had a salivary fistula, had to be gastrostomy fed and the future held 
multiple-staged, often unsuccessful, operative procedures designed to establish 
some form of esophageal continuity. The expense was astronomical. Even 
in the few successful cases, the result was usually a malnourished child, un¬ 
sightly in appearance. 

Cameron Haight^ of Ann Arbor, Michigan, in 1941, first established 
esophageal continuity successfully in a one-stage operative procedure by primary 
anastomosis of the proximal and distal segments. This can almost always be 
accomplished even in patients with nearly total thoracic esophageal atresias. 

There are many combinations of atresia with and without fistula, but 
about 90 per cent are of the type of proximal atresia with distal tracheo¬ 
esophageal fistula. Early diagnosis of tracheo-esophageal fistula and esophageal 
atresia is essential to successful surgical therapy. One can hardly expect 
a reasonable surgical mortality if he is operating upon an infant five or six 
days old who is dehydrated, starved, and suffering from extensive chemical 
and bacterial pneumonia. 

The cardinal symptoms are the baby’s apparent excessive salivation and 
uniform respiratory distress when any attempt at feeding is made. Obviously, 
the blind proximal pouch results in saliva, water, or formula being aspirated 
or drooled from the mouth. The diagnosis is confirmed, when suspected, by 
passage of a soft rubber No. 10 or 12 F. catheter through the mouth into the 
pharjTix and proximal esophagus. Of coui’se, the catheter meets an obstruction 
in the esophagus. Contrast radiographic studies should be made for further 
confirmation and to exhibit the rare proximal segment fistulas. The presence 
or absence of gas shadows in the stomach and small bowel is observed. The 
degree of pneumonitis, as evidenced by pulmonary infiltration, is also estimated. 

Received for publication June 27, 1955. 

•Address: 1003 West 32nd Avenue, Spokane 42, Wash. 
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About 25 per cent of these infants aie less tlian 5 pounds in weight* Those 
untiealed die in appioximately seicn to foiutccii dajs of delijdiation, stai 
\ation, and pneunionia The gastiic sccictioii in the fust few houis of lite 
IS liiglili acid, and the eheniieal pneumonia it piodiiees on gaining entrance 
to llic tiaeheo liioiiehial tice tliiough the distal fistula is added to that pmeu 
iiionia alicady piesent fiom aspuatcd saliva and othei liquids Alost of these 
babies ha\e no otliei nnpoilant associated anoinalj Those that do, base 
congenital heait disease, inipeifoiate anus, and intestinal atiesias and stenoses 
oecuiiing in that oidei of ficquenc} * 

Immediate operation should be peiloimed except in those patients in 
iihom a delaj in diagnosis oceuiicd Appiopiiate time should be expended 
to eoiiett ketosis, dehidiation, and piilnionaij infection bj paiental adininis 
tuition of fluid, glucose, vitamins, and antibiotic 

Tlie babies aie placed in Foiilci’s position to minimi/c leguigitation 
ot acid gastiie juice into the tiachca Pciiodic siietioning fiom the orophaijnx 
pieients aspiiation of mucus Penicillin and stieptomjcin are the antibiotics 
MO use b} choice Fluids and blood aie ndiiiniisteied via a poljethjlene tube 
insetted into the left aiiteiioi mallcolai vein In my opinion, the anesthesia 
of choice foi these infants is Pcntothal sodium, occasionall) supplemented vvitli 
euiaie adimnisteiod thiough the polyctiijlenc tube inseited into the left 
anteuoi malleolar vein, with ventilation maintained by an cndotiaelieal tube 
Such contiollcd lespuatioii makes possible a lapid, pieeise tianspleuial opei- 
ation which may be completed in as little as one to one and one half houis 
To date we have not had icason to icgict the use of the cndotiaelieal tube 
The letiopleuial opeiativc appioaeh has long been abandoned by the 
authoi since it affoids pool exposuie and its deficiencies outweigh the ad 
vantages The child is placed iii the light chest position The tlioiax is 
enteied thiough the bed of the icsceted foiiith iib (Fig 1) The mediastinal 
pleuia IS enteied bj dividing the azjgos vein Pleuial flaps aie eaiefully 
pieseived foi later olosuie Just infeiioi to the azjgos vein, the bifuicatioii 
ot tlie tiachea is easily identified, and the fistulous commiinication with the 
distal esophagus dissected fiee Caic should be taken to avoid injuiy to the 
right vagus iieive* which is oigani/ed into one oi two laige tiuiiks and eouises 
obliquelj on the lateial aspect of the esophagus and beais little resemblance 
to the iieivc as seen in oldei subjects Tins distal esophagus should be mobi¬ 
lized to the hiatus of the diaphragm, the blood supply enteis the esopliagus 
fiom the medial aspect and is casilj picseivcd Then the fistulous coniieetioii 
with the trachea is divided neai the membianous poitioii and closed veij 
adequately with a single sutuie ligatuie (Fig 2) By dissecting the mem 
bianoiis poition of the trachea cephalad, the pioximal pouch is usually veiy 
easily identified as a bulge in the mediastinum Tenting this stiuctuie by 
a tiansoial cathetei to aid identification is not necessaiy The pioximal pouch 
IS fieed with great care fiom the posteiioi membianous poition of the tiachea 


♦m my experience postoperatlie ipparmt pjloilc or duodenal obstruction should be con 
sliercd due to anotber lesion such as dliplirairni aticsia or pyloric sphincter hjpeitronby 
rather than loss ot gastric tone and PSlorospasm duo to operative vagal inluiy Valliahlo time 
may be lost in this erroneous concept (see Case 2) b j > i auic iime 
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since an occasional second fistula may occur at that level. The pro.ximal pouch 
should he then mohilucd far into the neck by blunt and sharp dissection. 
Significant lilceding is seldom encountered. Bcvasciilarization of this pouch 
has not been a problem. 

This will give satisfactory length for a primary anastomosis, which is 
made in a single layer with interrupted No. 5-0 silk sutures (Fig. 2). The 
anastomosis should be most meticulously fashioned as this is a critical step 
in the whole procedure. The pro-ximal and distal ends should bo handled 
only by means of stay sutures and not by tissue forceps. In my opinion, time 
is wasted on an inferior result when one performs a two-layer anastomosis. 
Furthermore, the excision of a button of tissue from the proximal segment 
seems to serve no useful purpose. This often inadvertently affords too large 
a proximal lumen and may sacrifice much needed length. It fosters mucosa 
muscularis sejiaration which makes a precise one-layer anastomosis difficult. 




Suture over an indwelling tube has not been found necessary and results in 
lost time and hicreased contamination. After completion of the anastomosis, 
tension may be considerably relieved by suturing the proximal pouch to the 
anterior vertebral fascia (Fig. 2). The mediastinal pleural flaps are closed 
over tlie anastomosis with a running No. I-O plain catgut suture. 

The presence of a distal fistula usually ensures a sufficient distal esophageal 
length for successful primary anastomosis. Large lengths of atresia without 
fistula may necessitate partial or nearly complete intrathoracie placement of 
the stomach to accomplish union (Fig. 3). 

In my e.xperience, with 1 ease of nearly total thoracic esophageal atresia, 
the following observations were made; 

1. A second incision in the rib cage throiiuh the bed of tbo oiVlitli ,.:i. mne 
necessary for exposure. 
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2. After incision of the pleura around the esophageal hiatus, it was 
easily enlarged to receive the stomach by separating the crural limbs of the 
opening. 

3. Two factors interfered with mobilization; (a) the left gastric vessels 
which were divided, and (b) the attachments to the spleen on the left side. 

Sufficient length was obtained for anastomosis as previousl}' described with 
gratifying results (Patient C. G.). The wound was closed with interrupted 
fine catgut sutures, except the skin, and the pleural space drained by a catheter 
attached to a water seal. Following the surgeiy and blood replacement, the 
intravenous polyethylene cannula should be removed by the operator before 
the patient leaves the operating room, llore of these infants have died in 
the past from overhydration in the postoperative period than from any other 
single postoperative factor. Postoperative pulmonary edema is usually the 
result of overhj'dratiou rather than any pulmonaiy injury incident to the 
anesthesia. These children recpiire very little fluid in the immediate post¬ 
operative period. They should be in the oxygen-enriched humidified atmos¬ 
phere of an incubator; a Stamm type gastrostomy is established in 24 to 48 
hours following the thoracotomy. The alternate methods of earlj" feeding 
without gastrostomy by use of an indwelling esophageal polyethylene tube 
have resulted in higher morbidity and mortality than gastrostomy. All post¬ 
operative fluid needs are well met by subcutaneous fluid until the gastrostomy 
is established. Penicillin, streptomj’^ein, and vitamin Tv are routinely given 
throughout the postoperative period. The infant should be constantly attended 
with frequent aspirations of the pharyngeal secretions to prevent respiratory 
complications. If the esophageal anastomosis is under some tension, placing 
pillows and pads to produce anteflexion of the neck and trunk will relieve 
tension as flexing a bow loosens its string.' Oral feedings are begun on the 
sixth to eighth day, after satisfactory conditions are demonstrated by a Lipiodol 
swallow. The gastrostomy tube should be removed only when oral feedings 
have been well taken for at least one week and radiographs demonstrate an 
adequate esophageal lumen with no threat of stricture. 

Complications which occur in the postoperative period are mediastinitis, 
pneumonitis, and suture-line leak. The later development of stricture is often 
due to prior leakage and mediastinitis. Most strictures are well treated by 
one dilatation. A few may require multiple instrumentations. 

Dilatation of postoperative strictures should be done by the operating 
surgeon. Hubbard and Leven’s® method of utilizing gum webbing type 
dilators passed after an attached filiform seems most satisfactory. The willowy 
filiform may be considerably stiffened by freezing with solid carbon dioxide 
just prior to use. The operator need allow only a few seconds to elapse 
after the filiform passes the stricture until it bcomes warmed and sufficiently 
pliable to allow safe dilatation by the dilator which follows. Dilatation pro¬ 
gressively to a No. 16 P. catheter or larger is done depending on the “feel.” 
Stopping short of extensive mucosal tear, as indicated by bleeding, should 
lessen the tendency to restricture. 
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CASE REPOKTS 

Case 1.—J. C. P. \\as a 7 pounO, 7 ounce, male infant born on Jan. 2D, 1953. Eighteen 
hours after birth, a diagnosis of tniehco esophageal fistula uas made by Br. T. H. Shepherd. 
Radiographs demonstiatcd that tlic orally mserted catheter was arrested at the le%el of tlic 
second thoracic vertebra. There wore right ui>i»er lobe pneumonitis and atelectasis with 
mediastinal shift to the rigid. A normal amount of gas was demonstrated in the stomach, 
small bowel, and largo bowel in the pehis. laboratory data weie a count of 5.7 million 
red cells with a hemoglobin of 17 Gm., a count of 12,000 white cells with a left shift. 
Albuminuria to a degiee of 3 plus was found. 



Fie L PJff. 5. 

Fig". 4—Case 1. (J.C.R.) Lipiodol has been instilled into the gastrostomy tube. The 
stomacli. first, second, and third portion of the duodenum are greatly distended. There Is 
no gas in the lower Intestine, Tlie major portion of the right fourth nb lias been excised 
The right lung is well expanded. The previously Incomplete duodenal obstiuctlon is now 
complete 

Fig. 5—Case 1. Radiograph made 3Iarch 1C. 1953, the day before the child was dis¬ 
charged from the hospital. Excellent postopeiativc conditions exist in tlie thorax and tlie 
gastrointestinal gas shadows are within noinial limits. 


Twenty-three hours after birtli, undei intravenous Pentotlial sodium and curare 
anesthesia and endotracheal control of respiration administered by Dr. S. T. Hubbard, tiie 
cliest was entered tlirough a right tianspleuml approacJi. A surgical correction of a tracheo¬ 
esophageal fistula with division and ligation of the tiaelieal portion of the fistula and 
anastomosis of the proximal and distal segments wag performed. The pleural space was 
drained by a No. 10 F. catheter attached to a water seal. The operation was well tolerated. 
A few dajs later, a Stamm type gastrostomy was done. 
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Pig. 0.—Case 1. The Lipiodol esophagram made the day of discliarge demonstrates an 
adequate esophageal lumen with narrowing at the site of anastomosis. There has been no 
dysphagia since operative correction of the lesion. 



Fig. 7.—Case 1. (J.C.R.) The appearance of the child at 17 months of age. 
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I'lff S JJa 5 

Hg S—C-iiC 2 (CG) Tina r idlofcraph t iktn at the '>tc of ST Jiour« Ifmonstmtoa 
inflltratlon in the ri;,ht upper loho of the lung and absence of an> Jntc^tln it ga‘i ahadouB 
Hg d—Case 2 (CG ) A ridiognph of a Lipiodol suaJlou deinonsiraits ttic esophago¬ 
gastric anastomosis and mtrathoricic position of the stonnch Since onl> a length of stomath 
necessan to acconiphsli anastomosis was placed in the ciitst tncioacliintnt upon the lung 
witli reduction of >Ital capacitj is not a problem 



Fig 10—Case 2 (CG ) This infant weighed lo pounds at the of 11 months and 
Is now tt^ll at the age of 20 months Three e-*ophago'>copic examinations with r/moval of 
foreign ho H''s and dilation of an esophagogastric stricture ha\p been n'^c.^xry Her nutrition 
Is excclKnt alnce she eats a normal diet To mj knowledge this Is the first reportel of 

the sur\l\al of a pa^tlent bom with a ” rf otal thoracic esophageal atresia 
treated by primary eoopbagr 
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Altliougli the child 2 ^^i>sed stools containing formula, it became apparent that a 
partial duodenal obstruction had become complete (Pig. 4). On Peb. 10, 1953, a duodenal 
diapliragm (witli an eccentrically placed lumen, 3 mm. in diameter) was excised from the 
fourth portion of the duodenum. The child recovered and was discharged on March 17, 
1953, in excellent condition (Pigs. 5 and 6). 

He is now 2 years and 5 months old and is, apparently, normal in every respect. There 
are no esophageal symptoms (Pig. 7). 

Case 2.—C. G. was a 6 pound, 12^2 ounce, female infant, 19% inches long when born 
on Sept. 30, 1953. A diagnosis of esophageal atresia w'as made by Dr. W. Lockwood. The 
child was 36 hours old at the time of diagnosis. Operation was performed at the ago 
of about 40 hours. A right transpleural approach was utilized; the procedure being 
essentially that illustrated in Pig. 3. Anesthesia was administered by Dr. S. T. Hubbard 
and consisted of Pentothal sodium and curare with ventilation maintained by endotracheal 
tube. Anastomosis was fashioned over an indwelling polyethylene tube since the stomach 
had to be mobilized into the chest to provide gastroesophageal continuity, thus making 
gastrostomy undesirable. The patient’s postoperative course was surprisingly uneventful. 
The Levin tube was removed on the fourteenth postoperative day and oral feedings were 
started on the same day. She was discharged on the twenty-eighth postoperative day. 

COMMENT 

It would seem logical to assume that almost all esophageal atresias could 
be corrected by a one-stage surgical procedure. 

SUMMAKY 

1. In the past decade and one-half, tracheo-esophageal fistula and eso¬ 
phageal atresia has passed from a uniformly fatal lesion to one successfully 
treated surgically in a high percentage of the patients. A recovery rate of 
about 85 per cent is expected in those infants in whom prematurity is not 
a factor. 

2. The report of a patient having survived surgical correction of a nearly 
total thoracic esophageal atresia has been presented, as well as one of a patient 
who survived operative correction of both tracheo-esophageal fistula and atresia 
and excision of a duodenal diaphragm which obstructed the fourth portion of 
the duodenum. 

Excellent assistance in postoperative care of tliese patients by Drs. W. Lockwood, R. 
Ileskett, and W. Davis is gratefully acknowledged. 
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ARTEBIALIZATION OF TIIC COEONARY SINUS IN OCCLUSIVE 
COROxNARY ARTERY DISEASE 

IV CoKo^ vBY Plow in Dogl With Aokticocokos Sinus An vsiOAiosis or 

Twelm; iloNnis’ Ddkvtion 

Alvin A B \kst, M D ,* vnd CiiAnLrs P B viley, 31D 
Phil vDELi’iii V, Pa 


T HIS IS a ooutmuation of picMous studies' ' iimk'it.iLeii to iiuestigate tlie 
plijsiologie changes uhich oecin iii the toioiiaiy ciieulatioji lollowiiig 
ehiome aiteiialization of the eoionaij sums toi a peiiod ot twelve mouths 
Duung the eouise ot oui oiiguial e\pcumeiits on the physiology of the 
eoiouaiy eueulatiou in tiie sinus aitciiali/ed heaits ot tom to eight weeks’ 
diiiation, we noted a definite pioteetion atloided to the heait igainst ventiicu 
lai fibullation following the acute oeeliision of the encumficN bianch of the 
left coionaiy aitei^ Howevci, in oiii suhseiiiieiit e\peuments on heaits in 
which the coionaiy sinus had been aiteiialwcd foi sin months, we noted a 
significant loss of this pioteetion 

It was obviously essential to studj a senes of animals ni vvhieh the 
coionaiy sinus had been aitciiili/ed foi a piolonged peiiod of time, to 
dcteimme vvliethei tlieie is a piolonged pioteetion to the heait against the 
oeclusion of a majoi coionaij aitciy 

Piatt,' and Roheits and co woikeis' oiigiinlly deseiibed the concept of 
levasoulaiiznig the heait in occlusive coioiiaiv aitiiy disease by the letio 
gi ide peifusion ot the nijoeaidium thioiigli the eoionarj sinus Beck and liis 
associ ites" have developed this piocediiic to its piesent two stage techiiKpie 
'Ihe pioeeduio utilizes the placement ot a fiee vein giaft between the aoita 
and the coionaiy sinus at a fiist stage, followed by the subsequent paitial 
ligation of the coionaiy sinus to 2 to 3 iniii at a second stage one month latei 
Pieviously, Hahn and Beck' have stated that aiteiialization of the 
coionaiy sinus piotected the heait against ventiicular fibullation following 
the ligation of a ma]oi coionaiy aiteiy This pioteetion consisted of a le- 
duetion in both the mortality late and the size of the infaiet Eckstein and co 
vv oikeis“ have also deseiibed a pioteetion affoided to the acutely arteiialized 
hcait following ciicumfleN coionaiy aiteiy ligation 

3Ve, too, noted this pioteetion to the heait in our oiiginal e\peiinients 
on dogs ui which the coionaiy sinus had been aiteiialized foi foui to eight 
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weeks. However, becaiise we could not substantiate this protection in animals 
in which the coronary sums had been arterialized for six months, it became 
necessary to study a series of animals in which the coronary sinus had been 
arterialized for a truly prolonged period. This study, therefore, comprises a 
series of animals in which arterialization of the coronary sinus had been per¬ 
formed, and in which the animals were permitted to live a normal kennel exist¬ 
ence for a period of one year prior to the institution of the phj'^siologic experi¬ 
ments. 

:method 

Mongrel dogs, whose weight A'aried between 15 and 18 kilograms, were 
first prepared using the two-stage operation developed by Beck and his asso¬ 
ciates. At a first stage, through a left-sided approach, an external jugular 
vein graft was placed between the aorta and the coronary sinus. Approxi¬ 
mately one month later, using a right-sided approach, the coronary sinus was 
partially ligated over a probe to 2 to 3 mm. Twelve months following the 
second stage, the physiologic data were obtained. At this time the animals 
were anesthetized with intravenous pentobarbital sodium, after which arti¬ 
ficial respii'ation was maintained using a pneophore respirator attached to an 
endotracheal tube with inflated rubber cuff, to which intermittent positive 
pressure was supplied. The left chest was entered through the fourth inter¬ 
costal space, and all pleural and pericardial adhesions were freed. The vein 
graft was inspected and only those animals in which it Avas patent Avere 
selected. An umbilieal tape Avas placed around the graft to facilitate its 
occlusion at the appropriate moment dimng the experiment. A needle-tipped 
polythene catheter attached to a Avater manometer Avas inserted into the 
coronary shnis, through Avhich the coronary sinus pressure and a blood sample 
for the determination of oxygen content Avere obtained. The graft AAms occluded 
for a period of tAvo minutes, after A\diich the experiment A\ms repeated. 
The circumflex branch of the left coronary ai’tery Avas next dissected to its 
origin and ligated. An incision Avas made in the Avail of the artery, distal to 
the ligature, through Avhieh it Avas cannulated. A sample of retrograde cir¬ 
cumflex coronary arterial blood Avas collected, simultaneous samples being ob¬ 
tained from the aorta and the pulmonary artery for the determination of 
oxygen content and saturation data. The minute Amlume of retrograde blood 
floAv Avas recorded. At this point, the A'ein graft Avas occluded and the experi¬ 
ment Avas repeated. The peripheral segment of the circumflex eoronaiy artery 
Avas permitted to bleed freely for a period of tAvo minutes during AA’^hich time 
the retrograde floAV Amlumes Avere recorded, after AA'^hich blood samples Avere 
collected for determination of oxygen content. This order for the collection 
of data Avas decided upon since, in our preA'ious experiments, Ave noted that the 
retrograde blood oxygen content gradually increased oA^er a tAvo-minute period 
before it stabilized. 

KESULT.S - 

A. Retrograde Blood Flow From the Peripheral Segment of the Ligated 
and Transected Circumflex Branch of the Left Coronary Artery. —The results 
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are shown in Table I. With the graft open, retrograde blood flow ranged from 
1.0 to 12.0 e.c. per minute, with an average of 6.0 e.c. per minute. 

Following the occlusion of the aortieoeoronary sinus vein graft, the retro¬ 
grade eircuraflex artery blood flow ranged from 1.0 to 12.0 e.c. per minute, with 
an average of 6.6 e.c. per minute. Essentially, the retrograde blood flows re¬ 
mained unehanged in 1 animals and rose slightly in Dogs 2 and 6. 

B. Oxygen Content of the Retrograde Blood Collected From the Peripheral 
Segment of the Transected Circumflex Artery. —The results are shown in Table 
I. The values for the oxygen content of this retrograde blood ranged from 
12.9 to 18.7 volumes per cent with an average of 16.3 volumes per cent. Con¬ 
comitantly, drawn samples of aortic blood ra)igcd from 16.3 to 21.2 volumes 
per cent with an average of 19.0 volumes per cent. 

On careful analysis of these data, it may be observed that the animals, m 
reality, divide themselves into two groups. In Dogs 2, 4, 5, and 6, the retro¬ 
grade cireumflex blood oxygen content closelj' appro.ximates that of aortic 
blood, and is therefore arterial in nature. In Dogs 1 and 3, the retrograde 
cireumflex blood oxygen contents are lower than those of the aortic blood, but 
are definitely higher than tho.se of the pulmonary artery. They therefore 
represent a mixture between arterial and a small amount of venous blood. In 
none of these animals was the retrograde blood oxygen content within the 
range of the normal coronary sinus blood, as was originally found in the dogs 
in which true retroperfusion of the coronary sinus existed after one to two 
mouths of arterialization. Subsequent to the occlusion of the vein graft, the 
retrograde blood oxygen content rose farther toward that of aortic blood. 
Tlie.se values ranged from 14.6 to 21.2 volumes per cent, and averaged 18.1 
volumes per cent. In all the animals, there was a definite rise in the ox.ygen 
content of this back flow blood towai-d the value of the concomitantly drawn 
.sample of aortic blood. 

C. Peripheral Pressure of the Distal Segment of the Transected Circum¬ 
flex Coronary Artery. —The I'csults are shown in Table I. Peripheral coronary 
arterial pressures ranged from 16 cm. of water to 35 cm. of water and 
averaged 27.5 em. of water. 

Following the occlusion of the aortieoeoronary sinus vein graft, the 
pressure within the peripheral segment of the circumflex coronary artery 
ranged from 16 to 55 cm. of water, and averaged 34.5 cm. of water. 

D. Hlean Coronary Sinus Pressure and Blood Oxygen Content. —The re¬ 
sults are shown in Table I. With the graft open, the mean coronary siiius 
pressure ranged from 90 to 120 cm. of water and averaged 104 cm. of water. 
The oxygen ooirtent of the arterialized coronary sinus blood ranged froin 15.7 
to 19.2 volumes per cent -with an average of 17.8 volumes per cent. Following 
the occlusion of the aortieoeoronary .sinus vein graft, the pre.ssure within the 
coronary sinus rapidly fell to normal. The pressures now ranged from 4.0 to 
6.0 cm. of water and averaged 4.8 cm. of water. The coronary sinus blood 
oxygen content now ranged from 1.0 to 10.3 volumes per cent with an average 
of 7.1 volumes per cent. 
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I) Moitalilu Rail, Following Cnium/lev Coionaiij Ailtnj Ligalion m Am 
inah With -1.! tci lahzation of the C'oioitai ij Sinus of 2 wclue Months’ Dm ation — 
Since we iltsutd lo study ill specimens pdtlwlogie.illy, no stkclLil an 
aibitiaiy suiviial time ot loui honis, hubseiiueiit to the ligation of the on 
cumHe\ coionaij aitoiy, as the ciiteiiou foi a compaiative inoitahty lepoit 
Those animals ivhicli sumved for foui houis, following the ligation of the 
ciicumfleA coronaij aiteiy, neic classified as siuvivals We thus continue to 
utilize the same ciittria foi suiinal as was established in our pieMous expeii 
Hunts In the piesent seiics, 2 dogs suivivcd foi the piesciibed peiiod of time 
piioi to saeiifice Foiu dogs died of leiitiiculai fibiillation within one lioui 
of the ligation of the eiicumflev aitciy This piovidcs a moitality late of 06 
pel cent The lecoids of the suivuois (Dogs 2 and 5) may be seen in Table I 
They demoiistiated the highest lates of letiogiade eiieuniflex aiteiial flow 
These flow latcs ivcie unchanged following the oechision of the giaft which 
piobablj indicates the existciiee of a moic eftectiie coionaiy collatei il cii 
culation 

DIStUbSIOV 

The present seiits of expeiimeiits on animals in nhich the ooionaiy sinus 
had been aitoiialized foi a peiiod of tnehc months concludes an investigation 
that we have been conducting fot the past several yeais, of the effects of 
aiteiialization of the coronaiy sinus on the coioiuiy ciiculation Since we 
have previously investigated the phjsiologio effects of aiteiialization of the 
eoronaiy sinus on the coionaiy ciiculation of animals ovei shelter peiiods of 
time, it would be valuable to leview these findings 

Ill a senes of noimal coiitiol animals, we have demoiistiated a small 
quantity of iiiteieoronaiy collateral flow, measuiiiig appioximately 1 7 c c pel 
minute This blood was invaiiably aiteiial in iiatiiie, which demoiistiated its 
origin to be fioiii the iieighbouug coionaiy aitciies This backflow theiefoie 
lepresented a measuie of normal arteiial coronary collateial flow 

In a senes of animals in which the coionaiy sinus had been aitenalized 
foi four to eight weeks, these findings wcie significantly changed " With the 
giaft functioning, the letiogiade ciicumflex aiteiial blood flow aveiagcd 12 2 
e c per minute, thus lepresentiiig a significant iiitiease ovei that found in the 
noimal animals Moieovei, this back blood which aiose from the penpheial 
segment of the ciieiimflex coionaiy aiteiy diffeied fiom that of the noimal 
animal since it was now maikedly deoxygciiated, the oxygen content being 
within the lange of noimal coionaiy smus blood The desatuiation of this 
blood cleaily denionstiated that theie was a ictiopeifiisioii of the iiiyotaidial 
eapillaiy bed, with extiaction of oxjgcii by the iiiyocaiduim When the 
aorticocoionaiy sinus vein giaft was oeduded, the letiogiado ciitumflex 
coronary aiterial blood flow fell to 7 1 c c pei minute and the oxygen content 
letuined to normal The aiteiial natiue of this blood again signified that it 
had ai isen from iiitei coi oiiary anastomoses Tins i eti ogi ade eoi oiiai y artei lal 
blood flow lepresented a foiiifold iiieiease above that noimally expected and 
theiefoie lepresented a significant ineiease in the inteicoionaiy aiteiial 
anastomotic flow 
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In the series of animals previously reported upon,® in which the coronary 
sinus had been arterialized for six months, the findings were significantly 
changed from those in the four- to eight-week group. Here, with the graft 
functioning, the retrograde coronary arterial blood flow averaged 8.3 c.e. per 
minute. This blood was highly oxygenated, the oxygen content being within 
the range of concomitantly drawn samples of aortic blood. The arterial nature 
of this blood pointed toward its origin from neighboring unligated arteries, 
thus demonstrating an increase in the intereoronary collateral flow. When the 
aorticocoronary sinus vein graft was occluded, the retrograde circumflex 
arterial blood flow again averaged 8.7 c.e. per minute. The oxygen content 
of the retrograde blood was again unchanged and remained arterial in nature. 
fStrikingly, then, in those animals in which the coronary sinus had been 
arteriaHzed for a period of six months, the retrograde circumflex coronary 
arterial blood flow could not be altered by the opening or the closing of the 
aorticocoronary sinus vein graft. iMoreovei*, the oxygen content of this blood 
was also unaffected by the presence or absence of a functioning vein graft. 
In short, the significant finding in the series of animals in which the coronary 
sinus had been arterialized for a period of six months, was that there was no 
significant contribution to the retrograde circiamflex arterial flow by the 
arterialized eoronaxy sinus. We were able to demonstrate an increase in the 
intereoronary arterial anastomotic flow, but were unable to demonstrate any 
significant retroperfusion of the myocardial capillary bed. 

The present investigation of the coronary circulation of animals in which 
the coronary sinus was arterialized for a prolonged period of one year’s dura¬ 
tion merely serves to reconfirm the findings that have been described in the 
six-month group of animals. With the graft open and functioning, the retro¬ 
grade circumflex coronary arterial blood flow averaged 6 c.e. per minute. 
This blood was oxygenated and within the range of concomitantly drawn 
samples of aortic blood. There were a few animals in which the oxygen con¬ 
tent of the retrograde blood was definitely lower than that of concomitantly 
drawn samples of aortic blood, but in all the dogs the oxygen content was 
significantly higher than that of concomitantly drawn samples of pulmonary 
arterial blood. The oxygen content of the retrograde coronary arterial blood 
averaged 16.3 volumes per cent as compared to an average aortic oxygen 
content of 19.0 volumes per cent, and a pulmonary arterial oxygen content of 
11.6 volumes per cent. When the aorticocoronary sinus vein graft was clamped, 
the backflow from the peripheral segment of the circumflex coronary artery 
averaged 6.6 c.e. per minute, which is insignificantly changed from that ob¬ 
served with the graft open. The oxygen content of this retrograde blood 
averaged 18.1 volumes per cent; a 2 volume per cent increase over that found 
with the graft closed. 

Significantly, in the present series of animals in which the coronary sinus 
was arterialized for a period of one year, the retrograde blood flow from the 
peripheral segment of a ligated and transected coronary artery, and oxygen 
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content ut this blood .iic comiilctoly aiMHectcd by the pusencc oi absonte of 
a tunotioniiij' aoititoioionaiy sums sun gialt The aiteiiah/id coionaiv 
sinus has apiiaicutly toinplcti/j lost contact with the eapillaiy bed 

It might be well to leiicw the coiiipaiatnc moitality statistics compiled 
duiiiig the couise of oui seiics of espeiimcnts Oiigiiially, when the ciienm 
flex luaiich of the left coioiiaij aiteij was ligated in a gioiip ot noinial am 
mals, the moitality uite was 90 pei cent In a second gioup of animals in 
which pieiious iiondcsciipt caidiac pioceduies had been peifoimcd, coionaiy 
aiteiial ligation pioduced a iiioitilitj late ol only (ib pei cent In the senes 
ot animals in which the coionaiy sinus had been aiteiialized foi one to two 
months, we weie leiy impiessed by an appaient pioteetioii alfoided the lieait 
against the onset ol \entiienlai flbiillation following mi)oi coionaiy aiteiy 
ligation Ifeie, the moitality late fell to only 20 pei cent This impiession 
was quickly dispelled by oni subsequent cxpeiimcnts on animals in which the 
coionaiy sinus had been aitenali/ed foi six months In this gtoup, we weie 
unable to aseeitam any protection aftoidcd to the heait against ventiiculai 
fihiillatioii by the piesoncc ol the aoiticocoioiiao sinus \eiii giaft The moi 
taiity rate had iisoii to bb pci cent which lesembled that found in the gioup 
in which only noudesciipt caidiac inocedmes had been peifoiiiied This 
tact was fuithei substantiated by the lesiilts iii the piesent twelvemonth 
gioup ot amiiials Ileic, the moitalitj late following cneuiiiflex eoionaij 
aiteiial ligation was again bO pei cent, which is again identical to that of the 
six-month gioup of animals and those Inning had nothing moie than non 
deseiipt caidiac piocedures These findings again sene to coiiflini those le 
cently lepoited by Ucksteiii and Ins associates,'*’ as well as oiii own’ These 
woikeis noted that the ictiopeifusion ot the iiiyoeaiduim, which existed in 
dogs in which the coionaiy sinus had been aiteiiali/ed toi foui weeks, could 
no loiigei be demoiistiated aftei thicc iiionths At the end of this time, they 
too noted that the letrogiade eucuiiillex coionaiy aiteiial blood again became 
aiteiml in natuie, and theiefoie postulated its oiigiii to be fiom the intei 
aiteiial eollateial ciiculatioii They weie able to demonstiate that blood 
which flowed in letiogiade fashion fiom the peiiplieial segment of the ligated 
eiicuiiifiex coronal y aiteiy, piobably oiigiiiated in the aiiteiioi descending 
coionaiy aiteiy They weie unable to demonstiate any significant effect, 
by the aiteiialired coionaiy sinus, upon the blood arising fioin the peiipheial 
segment of the ligated and tiaiiseeted coionaiy aiteiy 

The letiogiade eiiciimflex aiteiial blood flows, as seen ni Dogs 2 and fi. 
Table I, with the giaft open and closed, beai comment Heie, the backflow 
iiieie.ised following the occlusion of the aorticocoionaii sinus leiii giatt We 
have deseiibed this iiieiease in retiogiade flow following clamping of the 
giaft 111 pieiious expeiimeiits on animals in which the coionaiy sinus had 
been aiteiialued foi sex months Eckstein and his associates'* have siiiiilailj 
deseiibed this iiiciease in seveial animals in which the sums had been 
arteimlized foi peiiods loiigei than thiee months At post moitern examina 
lion of these heaits, we noted that the ostium of the coionaiy sinus Ind not 
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been reduced to 2 mm. Possibly, the orifice of 4 mm, which existed in these 
animals permitted an arteriovenous fistula of such magnitude that occlusion 
of the graft, by obviating the fistula, im])roved the coroiuuy How of the iin- 
ligated anterior descending coronary artery, and thereby increased the inter- 
ai'tei’ial collateral fiow. 

The long-term series of experiments reveal that the favorable effects 
produced by arterialization of the coronary sinus apparently regress over a 
prolonged period of time. We first observed this regression at the end of 
six months, and have definitely reconfirmed it at the end of a 3mar. 



Fie. 1.—Low-power magnification showing a major artery and vein. The artery is 
noi'mal. The lumen of the vein is obliterated by severe intimal proliferation and thrombosis. 
Recanalization of the thrombosed lumen of the vein is evident. 

The inability to demonstrate any retrograde perfusion of the myocardial 
capillary bed by phj^siologic means is further substantiated by the microscopic 
pathologic findings at the time of the post-mortem examination. There is a 
marked thickening of the coronary sinus itself dite to intimal proliferation. 
i\roreover, all of the major tributaries to the coronary sinus demonstrate a 



\ iiNinie 3^1 
Number 5 


AETEBIALIZATION 01' COliONAllY SINUS 


567 


bevere degree of iiitiinal proliferation. The Inraina of thebC vesbelb are ho 
markedly encroached upon, that they may be considered to have been com¬ 
pletely occluded by this process (Figs, i and 2). Appareutiy, prolonged periods 
of coronary sinus liypertcnsion produce a severe degree of intimal proliferation 
within the small and large veins which empty into it. This intimal prolifera¬ 
tion effectively occludes these vc.ssels and subseguently prevents any retro- 
perfusion of the myocardial capillary bed. 

Thus, since the original retroperfusion of the myocardial capillary bed 
is obviated after a period of time because of the high head of pressure within 



“—Hlgh“po^\er iiiagnlflcatlon of the vein reveals old thrombosis with organization .ind 
recanalization of the iumen 

the coronary sinus and its venous tributaries, it is apparent that the end re¬ 
sult of the procedure is to stimulate the der'elopment of the intercoronary 
collaterals. It strikes us that, since the prolorrged effect of arterialization of 
the coronary suras is one of increasing the intercoronary arterial anastomotie 
flow, it may be jJossible to attain this result by a more simple procedure. AVe 
are thciefoie instituting an evaluation of simpler procedures designed to irr- 
crease the itrtra-c\ti’acor oirary collateral flow. 
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SUJniARY AND CONCLUSIONS 

1. The retrograde blood flow and oxygen content of the blood from the 
peripheral segment of a ligated and transected circumflex artery have been 
determined in dogs in which the coronary sinus has been arterialized for a 
period of one year. These determinations have been performed with the 
graft open and closed. 

2. 'With the graft open, coronary sinus pressure is within the range of 
that of the systemic circulation and the coronary sinus blood is of high oxygen 
content. 

3. When the graft is occluded, the coronary sinus pressure and blood 
oxygen content revert to those of normal coronary sinus levels. 

4. With the graft open, retrograde circumflex coronary arterial blood 
flow averages 6 c.c. per minute. This represents a threefold increase over 
that expected in the control animal, but is less than that previously found in 
the two- and six-month groups of animals. This blood is arterial in nature, 
approximating the oxygen content of aortic blood. The retrograde flow is 
probably due to an increase in the intereoronary arterial collateral circulation. 

5. Occlusion of the aorticocoronary sinus vein graft does not signiflcantly 
alter these findings. This indicates that after one year, the vein graft no 
longer contributes to the interarterial collateral circulation and is dispensable. 

6. The mortality rate following circumflex coronary arterial ligation is 
66 per cent in the one-year group of animals, which is unchanged from that 
previously reported in our six-month group of animals. 

7. Eetroperfusion of the myocardial capillary bed could not be demon¬ 
strated in this group of animals. 
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Table I. Untlatekal axd Bilatekal Total Luxe Volumes ix Six Mex With Normal 
U xiLATERAL AND BILATERAL VlTAL CAPACITIES 


PATIEXT XUMBER 

AGE (YEARS) 

B.S.A. (SQ. M.) 

BIAGXOSIS 

0490 

23 

1.67 

Mod. tbc 
LUL 

0500 

23 

2.12 

Min. tbc 
RUL 

0523 

39 

1.70 

Mod. tbc 
LUL 

0586 

18 

1.89 

Min. tbc 
RLL 

0612 

34 

1.89 

Min. tbc 
RUL 

0627 

21 

1.96 

Mod. tbc 
LUL 

VITAL 

Rt. c.c. 

2462 

2774 

2416 

2850 

2699 

2662 

CAPACITY 

Lt. c.c. 

1928 

2328 

2086 

2508 

2451 

2143 


.Sum. c.c. 

4390 

5102 

4502 

5358 

5150 

4805 


Bilat. c.c. 

4832 

5979 

4622 

5760 

5294 

5469 


Rt. % 

56 

54 

54 

53 

52 

55 


Lt, % 

44 

46 

46 

47 

48 

45 

RESIDUAL 

Rt. c.c. 

1198 

1032 

732 

756 

1418 

528 

VOLUME 

Lt. c.c. 

1078 

745 

634 

807 

1298 

302 


.Sum. c.c. 

2276 

1777 

13()() 

1563 

2716 

830 


Biliit. c.c. 

2127 

1660 

1572 

1490 

2935 

851 


Rt. % 

53 

58 

54 

48 

52 

64 


Lt. % 

47 

42 

46 

52 

48 

36 

TOTAL LUXG 

Rt. c.c. 

3660 

3806 

3148 

3606 

4117 

3190 

CAPACITY 

Lt. c.c. 

3006 

3073 

2720 

3315 

3749 

2445 


.Sum. c.c. 

6666 

6879 

5868 

6921 

7860 

5635 


Bilat. c.c. 

6959 

7639 

6194 

7250 

8229 

6320 


Rt. % 

55 

55 

54 

52 

52 

57 


Lt. % 

45 

45 

46 

48 

48 

43 

EUXCTIOXAL 

Rt. c.c. 

2094 

1645 

1268 

1618 

2160 

1196 

RESIDUAL 

Lt. c.c. 

1729 

1335 

1045 

1669 

1995 

948 

CAPACITY 

.Sum. c.c. 

3823 

2980 

2313 

3287 

4155 

2144 


Bilat. c.c. 

3537 

3251 

2528 

3445 

4495 

2282 


Rt. % 

55 

55 

55 

49 

52 

56 


Lt. % 

45 

45 

45 

51 

48 

44 

MIXIXG 

Rt. % N= 

1.72 

2.16 

1.72 

0.96 

4.41 

0.96 

IXDEX 

Lt. % N, 

8.34 

2.0S 

2.17 

1.22 

7.51 

0.47 


Bilat. % Nj 

2.52 

2.42 

0.52 

0.60 

2.13 

0.72 

( ' ^ 

Rt. 

33 

27 

23 

21 

34 

17 

VT.L.C.y 

Lt. 

36 

24 

23 

24 

35 

12 

xlOO 

Bilat. 

31 

22 

25 

21 

36 

13 

/ P.R.C.\ 

Rt. 

57 

43 

40 

45 

52 

37 

Vt.l.c.7 

Lt. 

58 

43 

38 

50 

53 

39 

XlOO 

Bilat. 

51 

43 

41 

48 

55 

36 


Two of the other 3 patients (Table II, Figs. 1 and 2) had been treated 
surgically for pulmonary disease. Patient 0003 had had resections of seven 
bronchieetatic bronchopulmonaiy segments: the right middle lobe, the lingula, 
and the basilar segments of the left loAver lobe. A postoperative empyema had 
resulted in fixation of the left hemidiaphragm (Fig. \A). Patient 0866 had 
bilateral tuberculosis. A seven-rib thoracoplasty had been performed in an 
attempt to control cavitary disease on the left side (Pig. 2A). The ninth pa¬ 
tient, Number 1026 (Table II, Pig. 3), also with bilateral pulmonary tubercu¬ 
losis, was studied after spontaneously developing a right phrenic nerve paral¬ 
ysis (Fig. 3J). 

JIETIIOD.S 

The .study of eaeh patient included a measurement of the total capacity 
of both lungs as well as of each lung individually. In obtaining the conven- 
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1 AlII SI NUMUnt 
V(/f (YLAJlb) 

Ufa V (SQ M ) 
i)i vrNOSis 


\tTVI 

r\i vciTV 


PFSinUVL 

\OUIMF 


TOTVr LUNG 
rVPVciTY 


FUNCTION AT 
I FSlnUAI 
cAi Aciry 


MIYINO 

iNDr\ 


\TI c / 
xlOO 

( PR C \ 
TIC/ 


Kt c c 
Lt 0 (• 
Sum c c 
Biht c ( 
Rt % 

Lt % 

lit {• c 
Lt c c 
Sum c 0 
Bihf <*c 

Rt % 

Lt % 


Rt 0 c 
It ct 
Sum c c 
Biht 
Rt c/o 
It % 


C 0 


XlOO 


Rt c« 

Lt c c 
Sum 0 (? 
RiHt 0 c 
Rt % 

It 

Rt % N 
Lt % N, 
Biht % N 

Rt 

It 

Biht 

Rt 

Lt 

Biht 


0005 

OSbb 

ib 


2 21 

1 79 

Biht rLMction 

Bil it tbt, Lt 

hroacliKct i*us, 

thoriLOpl x<5t\ 

Postop onip^em i, 


Lt 



1451 

4004 

40iG 

04 

50 

(lOO 

1484 

500J 

5305 

20 

71 

3105 

son 

0007 

0331 

52 

48 

1141 

1014 

3055 

5070 

37 

03 

1 70 
1 01 
201 

10 

51 
5b 

30 

05 

4S 


558 

1024 

1944 

81 

19 

609 

153 

002 

800 

03 

57 

2173 

711 

2884 

2834 

75 


1108 

308 

350() 

1458 

74 

20 

0 00 
3 SS 
1 88 

28 

50 
31 

11 

56 

51 


iOib 
iU 
1 95 

Bilit tbc, ApicTl 
disease, Rt 
pliu inu panhsis 


054 

2187 

2841 

3203 

23 


28T 

()8S 

075 

1005 

20 

71 

041 

2875 

3810 

4208 

25 

75 

437 

1004 

1441 

3564 

30 

70 

2 40 
0 90 
101 

30 

24 

23 


40 

35 

30 


tional bilateial figures, the functional lesiclual capacity was measuied twice, 
using a modification of the Dailiiig method Duplicate <3naly&es agieed 
within 10 pel cent, the mean of these two values appeals iii the tables The 
hiloteial index ot intiapulmonary mixing listed in the tables is similatly a 
mean of the nitiogen conceiitiatioiis in the ^aheolai ” an samples delneied st 
the end of each seven minute peiiod of oxygen bieathing The vital capacity 
and its subdivisions weie lecoided in tiiplieate, the best of the three tiaeings 
being used in computing the lesutual volume and the total lung capacity 

Bionchospiionietiy was peifoimed imdei 1 pei cent Pontoeaine local 
anesthesia aftei premedicatiou with N'embutal, ati opine, and moiphine The 
enthetei CCailens®) was mtioduced, usually ovei a flexible sound, into the 
uppei laiynv undei miiioi visualization It was gentry lotated thiough the 





Figr. 1.4..—Patient 0003. Bilateral resections for bronchiectasis. Postoperative cliest 
roentgenogram. Note evidence of previous empyema on the left with pleural thickening and 
elevation of diaphragm. .\t fluoroscopy the left hemidiaphragm was found to move minimally 
on forced inspiration and expiration, the left rib cage was relatively fixed and the left lung 
field was more radiolucent than the riglit. 


R-V/^L.C. '^•R-Vt.L.C. 




v.c. 


R.V. T.L.C. F.R.C. 


■ LT. LUNS 


Pig. IB.—Patient 0003. Unilateral and bilateral lung volumes and volumetric ratios. 
Note: (1) Although the total lung capacity is normally distributed, the other compartments 
are not: the vital capacity on the left is low but the residual volume on this si<le is mgn. 
(2) The ratio of the bilateral lesidual volume to the total lung capacity is normal in spite 
of gross abnormality of this ratio on the left. 
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I'ljf 2 1—Patient OSCC iJlIatcral pulinonaiy tu))ticulosis. left llioiacDpKisly 




RT. LUNG TOTAL 


LT. LUNG 


Fig. 2B —Patient OSGfi Unllate«al ami bilateral lung \olunies Note tlie inafrnitu<le of 
Ibo tiiffcrences in the ttibtnbutions of the >arious \ohnnetr1c conipxrtments. These are 
identlflcd by name in Fig. 3B 
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Fig. 3il.—Patient 102G. Bilateral pulmonary tuberculosis, spontaneous right phrenic nerve 

paralysis. 


F.R.C. 


RT. LUNG LT. LUNG 

Pig. 3B .—Patient 1026. Unilateral lung volumes. Note the practically synametncal 
reduction in the various subdivisions of the total capacity of the right iung. V.C -—vital 
capacity, R.V.—residual \olume, F.R.C.—functional residual capacity. 
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^'loltis .iltei ieiiio\.il 111 iiuiiin .intl sound .iiitl u.is positioned 'Mtli the .issibt- 
.UKC ot ,i fluoiosLope Its spill n.is not tied down tin passage into the tiachea 

The t»o Iiiiiiiiia ol the tathetei «cic initiall} couplid to a biochospiioiii- 
itei tilt hells ot uhitli neiu tilkd with loom an Attti a satisiattoiy tliiee 
immite tiatiiig ot osygeii toiisiiiiiption and tidal lespiiatioii had heeu letoided, 
the patient was iiistiucted to delnci his expiiatoi} leseive and, following 
lestoiatioii of the mid position, his inspiiatoiy capacity The bionehospiioin- 
etei was then uncoupled and each side ot the cathetei was fitted to a mobile 
unit loi measiiiiiig the uiiiiateiai functional lesidual capacity Each unit eon 
sistcd ot a loiticallj adpistable table on which lay a Douglas bag toi collect 
iiig espiied an The coupling to the patient led into a valve which could be 
tinned eithei into a ciieuit iiicoipoiatiiig this bag with one-way vahes and a 
souice of oxygen oi into an aim tonimiinicating optionally with the loom oi 
with an uiideiwatei tiap foi collecting the saniiile of “ahcolai” an A cheek 
vahe pi evented aspiiation of the watei in the tiap The patient was switched 
fioiii loom an into the oxygen cncuit at the end of what was judged to be a 
iioimal expiiatioii The expned an was collected foi nine minutes, dining 
which time intiogeii was displaced fioni the alveolai tiap eiicuit by flushing 
with oxygen At the end of the nine minutes, the patient was iiistruotod to in 
spue noniially and hold Ins bieath while the valves weie tinned to the alveolai 
tiaps lie then expned slowdy and fully thiough the tiap, the vahe being 
tin lied to loom an just piioi to inspnation 

In most instances, it was possible as a final step to obtain a second bion- 
ehospnometiie tiacnig as a check on the location of the catheter When a 
ihaiigc in position was indicated, the dotcimination was diseaided 

The \olume of the eathetei liimina, coniiceting tubes, and valves was 130 
e e .Since the anatomio dead space foi which this volume was substituted 
appioximates 150 ee, no collection was included The flguie foi nitiogen 
exeiction incoipoiated in the equation foi calculating the functional icsidual 
capacity was divided between the two lungs accoiding to the distiibution of 
the oxygen coiisiiiiiption 

Nitiogen analyses weie peifoinied in Van Rlyke manometiic equipment 
All lung loluiiics weie con veiled to body tempeiatiiic, ambient piessiiie, satu 
lated with watei vapoi (DTPS) 

ItFSPI IS (a IBLCS I MSD It) 

In these 9 patients, the sum ot the functional i estdual capacities of the two 
lungs difteied fiom the mean of the duplicate bilatcial tallies by less than 10 
pei cent “ This level of agieement was found foi the lesidiuil volume in all 
but 1 of the patients (No 0523, 131 pet cent), with lespeot to the vital ca 
parity with thiee exceptions (No 0500, 14 7 pei cent. No 0627, 12 1 pei cent, 
and No 1026, 117 pei cent), and foi the total lung capacity with two exeep 
tions (No 0627, 10 8 pei cent, and No 1026, 112 pei cent) Peieentile eoi 
1 espoiidence of the two techniques with icspcct to lesidual tolume and fiiiic 

. .. ‘Calculatca by dlvWinK tbo difference between blHlonl an 1 sum ot uniHteral volumes 

by the bilateral value 
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tional residual capacity, therefore, fell well within the range found for vital 
capacity. Since the former two compartments are considerably smallei- than 
the latter, the actual volumetric differences were considerably less. 

Mean values for the distribution of the various eompartmezits between 
the two lungs in the “normal” group (Table I) wei-e nearly identical, being 
54 per cent on the right and 46 per cent on the left except for the residual 
volume (55 per cent right, 45 per cent left.) Variations in the distribution of 
the residual volume ranged from 48 per cent to 64 per cent for the right lung. 
C'orre.sponding figures for the functional residual capacity and vital capacity, 
respectively, were 49 per cent to 56 per cent and 52 per cent to 56 per cent. 

In the other 3 patients (Table II) the distribution of the lung volumes dif¬ 
fered markedly from the normal. Patient 0003 had 36 per cent of the vital 
capacity on the left but 71 per cent of the residual volume on this side (Pig. 
IB). Corresponding figures for Patient 0866 wei‘e 19 per cent and 37 per cent, 
re.speetively (Pig. 25). In Patient 1026, on the other hand, all compartments 
were pz’oportionately reduced on the side of phrenic paralysis (Pig. 35). 

Among the six “normals,” differences in excess of 4 per cent between a 
unilateral and the bilateral E.V./T.L.C. or P.R.C./T.L.C.* were found for 3 of 
the 12 lungs (No. 0490—left R.V./T.L.C., left and right P.R.C./T.L.C.; No. 
0500—^I’ight R.V./T.L.C.). There were differences of this magnitude between 
the 2 lungs of the same individual in two instances (No. 0627—^R.V./T.L.C.; 
No. 0586—P.R.C./T.L.C.). As would be expected, the variations between the 
2 lungs and between 1 lung and the bilateral vahie were large in the 3 abnor-. 
mal patients. 

The mixing index was grossly different (more than 2 volumes per cent 
nitrogen) in four of eighteen comparisons between a unilateral and the mean 
of two bilateral values (Patients 0490, 0612, and 0627). The zinilateral con- 
oenti'ations were usually somewhat higher than the bilateral for reasons which 
will be discussed. 

DISCUSSIOX 

Measuring the functional re.sidual capacity of each lung individually by 
the method employed is time consuming and technically difficult. Eight nitro¬ 
gen analyses, including unilateral and bilateral determinations, are needed for 
each complete study. The usual problems of satisfactory bronchospirometry, in 
particular the presence of secretions, are compounded by the added time re- 
cpiired. The impediments to normal breathing created by the presence of the 
catheter result in a high incidence of poor checks between unilateral and bilat- 
ei'al functional residual capacities. Since a reasonable agreement by the two 
technicpies is essential for evaluating a given unilateral analysis, data must be 
discarded frequently. 

A number of factors are helpful in increasing the yield of acceptable stud¬ 
ies. Primary among these are selecting cooperative patients with dry bron¬ 
chial trees and developing a smooth, rapid routine for the various steps involved. 

■'R.V./T.L.C. =: ratio of the residual volume to the totai lung capacity; F.R.C./T.L.C. 

= ratio of the functional residual capacity to the total lung capacity. 
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Difliculties notwithst.iiKliiiij, ho^\e\c^, it is eiideiit that hnow ledge of the 
uiiilatoial lesidiul loliime is occasionally essential to an intcdligible nnaljsis 
ot \oliiinetiic status The usual bilateial and unilattial nieasnieinents of Pa¬ 
tient OOOd, loi esaiiiplc, fail to suggest the extent of the abiioiniality lesulting 
iioiii fixation ot the left diapluagm in a depicssed position Assessing the 
etfects of phienie intemiption, as in Patient 1026, and ot laiious foims ot uiii 
lateial collapse oi lesectioii theiapy icqiiiics a knowledge of iinilateial lesid- 
iiil volume It should be noted that the elevation of the light diapluagm and 
umseipient low functional lesidual eapacit) £oi the tight lung m Patient 1026 
(Figs 3A and 371) is laieU seen following tlieiapeutio plueiin: iiei\e intoriup 
tion, a pioccduie which in the absence ot piieumopeiitoneuin usualh tails to 
ehange the unilateial mid position - ’ 

The limitations imposed bv a knowledge onh of the bilateial lesidual vol¬ 
ume and the unilateial Mtal capacity, appaiciit in exaluating the eftects of 
loseetion m Patient 0003, aie also illiistiated in the studies of Patient 0866 
(Pigs 2A and 271) The magnitude ot the dispiopoi tion in the distiibution of 
vitil e.ipacity (lb pci cent) and lesidtial loltimc (37 pei cent) on the side of 
thoiacoplasty would ha\e been difficult to snnmse in the lattei without the 
unilateial hgiiies Although the leij high piopoition of the total lung ca 
paiitj compused bj the lesidnal \olume in this patient’s left lung (50 pei 
cent) might be iiiteipietcd to indicate “o\eidistention,” it is doubtful that 
this latio has tlic same connotation m tins instance that if usually eaiiios 
whole thcie is no defoimation of the paiictcs and wheie theie exists no gioss 
alteiation in the lelationsliip between tissue mass and its enclosiiie 

It was ohsened in the desciiption ot icsiilts that the distiibution of the 
lesidual \oliimc \aiied moie among the ‘‘iioniials” than did that of the othei 
conipaitments It should lie noted that in the two instances ni which depai 
tine horn the mean was most pionoiiiiced (Patients 0586 and 0627), the 
lesidUfil loliime on the side of the lesion was uniisnally low A similai effect 
of lelatiiely small, unilateial, paieiichyiiial lesions on the ipsilateial lesidual 
volume was also found oec isionallv among patients selected foi phienic neive 
intemiption ” 

One might anticipate that lesults with the liumchospiiometiic technique 
would he influenced by the lesistaiicc to lesiuiatioii added by the Caileiis 
tube Weic this faetoi ot majoi impoitaiiee, the functional lesidual capaei 
ties measiued by the unilateial technique should he highei than the bilateial 
figuies ” Since such a diffeicnce exceeding 50 c c was found only once (Pa 
tieiit 0490, 286 c c ), any additional lesistance encountcied by these 9 patients 
was piohabU not pronounced 

E 11 ly 111 the development of the uiiilatei al technique, the concenti ation 
of iiitiogeu in “alveolar” an was ficquently found to be abnoimally high in 
eompaiison with the bilateial figme In oidei to lediice the magnitude of this 
diftcience, the peiiod of oxygen bieathing foi the unilateial piocedine was 
extended to nine minutes as eompaied to the conventional seien 'With this 
modification, concenti ations below 2 5 pci cent weic found m thiitcen of the 
eighteen unilateial analyses included m this leport Of_the lem.nnmgjnc, 
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one (Patient 0490, loCt lung) was associated with a high bilateral figure, two 
were observed in a patient with an unusually large functional residual capacity 
(No. 0612) and a marginal bilateral index (2,13 jDer cent), one could be at¬ 
tributed to poor ventilation (17 per cent of total) on the side of thoracoplasty 
(Patient 0866), and in the final instance (No. 0627, right lung) the elevation 
could be explained on no reasonable basis other than contamination. The like¬ 
lihood of a continuous air leak in the latter is excluded by the normal distribu¬ 
tion of the functional residual capacity and the close correspondence of uni¬ 
lateral and bilateral figures. A small admixture of room aii- during deliveiy 
of the sample or inadequate flushing of the alveolar air trap arc most likely 
to have been responsible. 

The basic reason for differences in nitrogen emptying rates with the two 
techniques, however, is in all likelihood our failure to reduce the volume of 
tubing and valves between inspiratory and expiratory orifices on the unilateral 
oxygen circuits commensurately with the reduction in tidal volume due to 
unilateral respiration. In this circumstance, the ratio of dead space to tidal 
exchange for the unilateral procedure is in excess of the figure for the conven¬ 
tional technique. Accordingly, a smaller proportion of the gases escaping 
through the expiratory valve are alveolar in composition, tidal volumes of 
oxygen are poured into a relatively larger reservoir during inspiration, and 
nitrogen elimination by serial dilutions is retarded. 

Finally, it should be observed that the above considerations, although 
reflecting on the interpretation of the unilateral alveolar index, do not intro¬ 
duce appreciable limitations with respect to the comparison of unilateral and 
bilateral functional residual capacities. Because the equation for computing 
the functional residual capacity is relatively insensitive to flnal nitrogen con¬ 
centrations, differences between unilateral and bilateral indices, iinless ex¬ 
treme, result in small differences in the measurement of this volumetric com¬ 
partment.'' 

SUMMARY 

The residual volume of each lung individually was measured in associa¬ 
tion with bronchospirometry. In each of 9 patients, the sum of the functional 
residual capacities of the two lungs differed from the mean of two bilateral 
measurements by less than 10 per cent; in 8 of the 9 a similar level of agree¬ 
ment was found for the residual volume. The degree of corresijondence for 
these volumetric compartments compared favorably with those established for 
the vital capacity and the total lung capacity. 

Among 6 patients with minimal or moderate pulmonary tuberculosis and 
normal vital capacities the mean values for the distribution of the various com¬ 
partments between the two lungs were nearly identical (54 per cent right, 46 
per cent left for the functional residual capacity, vital capacity, and total lung 

*If the bilateral functional residual capacity were 3,000 c.c. and the mixing: index 1 per 
cent, for exampie, a concentration as different as 5 per cent would re.sult in a volume of 
3,100 c.c. (error of 5.3 per cent). 
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capacity, and 55 per cent light, 45 per cent left for the losidual volume). The 
extremes of variation aiound the mean were greatest with respect to the 
residual volume. 

Tho advantage of knowing the unilateral lesidual volume was illustrated 
by application of the technique to 3 patients whose conventional bilateral 
measurements afforded an equivocal definition of volumetiie status. 

The bilateral studies and nitrogen anahscs ^^crc performed In hospital corpsnien of 
the United SUtes Navy trained iii the Cardiopulnioimry Laboratory’ of the U S. Naval 
Hospital, St. Albans, Now York. Tho interest and skill of tho following are acknowledged 
with particular gratitude; John Eriggs, Kenneth Gorr, Ro\ Johannessen^ Joseph Malin^ 
Richard !Monsees, Earnest Picknallv, David Prior, and Robert Rauf 

Tho suggestions of Dr. Aaron Himmelstein and the eiicouragenient of Captain ChfTord 
1\ Storey (MG) USN, were much appreemtcil The authors are also indebted to Dr. J K 
Decgan, Veterans Adinimstiution Hospitil, Castle Point, N. Y., and to Dr. M. J Small, 
A'eterans Administration Hospital, Ea^t Oiange, N. .T., tor their cooperation in referring to 
us some of the patients included iii this stiidv 
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MANAGEMENT OF THE POSTRESECTION SPACE IN TUBERCULOSIS 

III. Role op Pre- and Po.stresection Thoracoplasty 

John W. Bell, M.D. 

SuNilOUNT, N. Y. 

T horacoplasty, for several decades the major surgical treatment of 
tuberculosis, has seemingly receded into the limbo of the past since 1950.^ 
AVith the rapid evolution of thoracic surgery and the spectacular use of anti¬ 
tuberculosis drugs, pulmonary resection has become the principal method of 
surgical treatment at the beginning of this fifty-year span. 

Although the indications and i-esults of collapse therapy have been clearly 
drawn, the majority of these operations were performed in the preantibiotic 
era.-’ ® The successful application of various excisional techniques to all .stages 
of tuberculosis has made it diffieult to evaluate the role of thoracoplasty when 
associated with lung resection. AVhether today’s modification of the standard 
posterolateral thoracoplasty, the so-called apical tailoring thoracoplasty, is a 
useful adjunct in certain eases; or whether it is simply a carry over, and indeed 
should be discarded altogether, is not clear from current writing. 

In accord with our study of the postresection space in tuberculosis, and 
various measures to avoid or treat such a space, we have reviewed the indications 
and results of pre- and postreseetion thoracoplasties, as performed at the A'^eterans 
Administration Hospital (Sunmount, New Yoi’k), over a five-j^ear period (1950 
to 1955). 

preresection thoracoplasty 

During the period of transition (1940’s), when thoracoplasty was gradually 
yielding to resection as the dominant surgical treatment, experienced thoracic 
surgeons believed that resection was safer for certain types of patients when 
they had had a previous thoracoplastjL Prior to the systematic application of 
prolonged, continuous chemotherapy, no methods other than major or minor 
collapse were available for the control of progressive, exudative disease. Pa¬ 
tients with moderate or far-advanced tuberculosis, who showed no inherent 
resistance to their disease under conditions of maximum bed rest and improved 
nuti’ition, were treated with varieties of pulmonary collapse, often on an 
emergency basis. 

The amazing success which specific antimicrobial agents have had in aiding 
the resolution of pneumonic or prenecrotic tuberculosis, has made the control 
of the acute case largely a medical, rather than surgical, problem. The average 

From the Veterans Administration Hospital, Sunmount, N. Y. 

Received for publication July 1, 1955. 
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6Uigic.il candidate today inaj come to ics>cctioii in the sputum negattvo state, 
with bacilli oil the last positne eultuie tompletclj susceptible to the paitieular 
diugs being used 

A small gioup ot patients, peiliaps 10 pci cent, eieii with the administia 
tioii ot seveial combinations of pioloiigcd diiig legimciis, will not, attci si\ to 
nine months, sliou peinianent sputum coiiicisioii oi cavity closure In an effoit 
to contiol these patients toi ultimate lesection, and following the doetiine ol 
the thoiacoplastj eia, a numbei of pieiescctioii thoiaeoplastics weie pcitoimtd 
Oiu specific indications wcie patients with uiicciuiiocal uppci lobe cavities and 
peisistent oi intcimittenth positive sputum in whom the gicater pait ot the 
tMivlativo element had cleaiul Uiitoitunatciv, manv ot this gioiip had bacilli 
lesistaiit to one oi two dings and iiiiceitaiii tovciago with a thud agent The 
aiituipation ot plciiial complications in this gioup, plus the desiie to minimize 
them, led to a lecommendation ot piciesectioii thoiacophistv Fuithei, it was 
hoped that a poiiod of collapse might aid the stabilitv of disease in these pa 
tieiits who had had oiilj a modeiatc lesponse to the diug piogiam A second 
consideiation was moic mecbaiucat than chcmotheiapeutie In this same gioiiii 
weie patients with seatteied middle and lowei lung field lesions, associated with 
iiiajoi upper lobe involvement Fliioiostojiv lovealed a i to 3 plus tiapping 
111 the lowoi lobes, with vaiious dcgiecs of obstiuctive cmphvsema dcmoiistiatecl 
III puliiionaiy function scieeiiing The e\pcctation was that such lovvei and 
middle lobes would e\hibit dolav’ m occupation ot the ape\ iollowiiig uppei 
lobectomy oi biscgmental excision The piospect ot a space problem was then 
a furthei icasoii foi pieicseetion thoiacoplastv 

Oui plan ot pieiescetion thoiacoplastv has been the subpeiiostcal lemoval 
ot the hist 3 ribs, with a loutme ipicolvsis down to oi iieai the level ot the 
a/vgos vein oi aoita, rcspcctivelv This optiation was earned out in 21 pa 
tieiits, without complications The nitciv.il tiom thoracoplasty to lesectioii vaiiecl 
fiom a niiiiiiiium ot tliice to eight vveehs In oldei patients, a loiigei inteival 
was allowed foi incieased stabilitv of the legenciatiiig plate 

The extent to vvhieli a fiist stage, 3 iib thoiacojilastv' leduces ovei all fune 
tioii IS vaiiable ‘ The phjsiologie age ot the patient, the amount and distiibution 
of tiibeiciilosis Ill the undeilving lung, the association ot cliionic bioiichopuliiio 
iiaiy conditions, such as asthma, emphvsema, and niteistitial fibiosis, aic among 
the faetois which iiiahe the functional loss unpicdictable on an individual basis 
It IS generally assumed that a lestiictcd collapse, ovei a lelatively destioved 
iippei lobe, will icsult in veiv little net change 

Kaltieider and eo vvoikeis commented that thoiacoplasty pioduecs a gicatei 
reduction m the ventilatoij capacitv than is to be expected fiom the extent of 
lung tissue eoiiipiessed Couinand and associates,“■ in a studj ot 200 cases, 
found that an apical thoiacoplasty (up to 5 iibs) decieased the maximal bieatli 
mg eftoit up to 15 per cent of its pieopentive value In a siiiiilai study, 
Glaenslei and co woikeis' concluded timt the maximal bieathiiig cajiaeity was 
decieasid about 20 pei vent when 5 oi 6 iibs weie lemovul AVe have not 
earned out piilmonaiv tunetioii studies in patients who had a specific preiesec 
tioii thoiacoplastv followed by lescction Since lull phvsiologic lecoveij fiom 
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thoracoplasty cannot be expected in less than four months (Gaensler found that 
loss of function at two weeks was nearly twice what it was at six months), it 
was felt that this determination would be of little value. 

In order to avoid the physiologic handicap of paradox following thora¬ 
coplasty, it is customary to wait for variable intervals to allow hardening or 
bony regeneration of this area. Because the adecpiate clearing of secretions is 
dependent on the coordinate effort of all intercostal musculature Avith the 
diaphragm, ‘‘the bellows mechanism,” even a rigid thoracoplasty plate means 
the upper third of the hemithorax is adding little to the cough mechanism. Pain 
from a fifth rib level incision further splints the lateral chest wall. In the case 
of a previous two-stage thoracoplasty, the plate itself may have to be cut for 
some distance Avhen mobilizing the upper lobe for resection. 

Analysis of the cough mechanism in human beings have shown that it is a 
complex coordination of muscular effort. Contraction of the intrinsic and 
extrinsic muscles of respiration, while the diaphragm aids the tu.ssive force of 
the lungs in expelling secretions, indicates the importance of synchronous action 
and elastic recoil in the thoracic cage and its contents. 

Consideration of the above observations, plus the impression of how a 
patient Avith a preresection thoracoplasty behaves after resection, compared Avith 
the behavior of a patient Avho has an upper lobectomy Avithout thoracoplasty 
suggests that because of the presence of this thoracoplasty Ave have made these 
patients unnecessary surgical cripples. 

Eadiologic observations (Figs. 1, 2, and 3), during the first tAvo postopera¬ 
tive Aveeks, reveal that the underl.Aung lung is not ventilating as Avell, is not 
filling the hemithorax as promptly, nor clearing the operative reaction as soon 
as in the nonthoraeoplasty patient. Particular!}^ is the older patient handi¬ 
capped. General muscle AA^eakness, obesity, higher incidence of chronic emphy¬ 
sema and bronchitis, rob the man OAmr 45 years of age of the extra respiratory 
effort he needs so badly. 

There have been no tuberculous complications incident to the preresection 
thoracoplasty itself. Because it is a safe procedure, of course, does not mean it 
is necessarily a Avise one. Major complications have folloAved the resection 
itself, and are probably more related to the chemotherapeutic control and the 
presence of unsuspected endobi’onchial disease and resi.stant organisms. There 
is no evidence to suggest that any of these complications Avere in any AV'ay 
avoided; in fact, some may have been precipitated by the presence of a pre¬ 
resection or standard thoracoplasty. 

Minor postresection “mechanical” complications are, hoAvever, definitel}^ 
increased in the prereseetion thoracoplasty group. Almost Avithout exception, 
they haA'e had a more difficult convalescence. Intratracheal a.spiration, bron¬ 
choscopy, intermittent oxygen, aerosol mixtures and bronchodilators are all 
required Avith greater frequency in these patients. 

There is no Avay to reconcile the hazards of performing a thoracoplasty 
simultaneously Avith a resection, unless paradox can be eliminated either by an 
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Fig. 2.—A, Left preresection thoracoplasty two days before resection. B, Three days 
following upper lobectomy (3-rib thoracoplasty increased to 5 ribs). C, Five days postopera¬ 
tion. D, One week postoperation. (Bronchospirometry at six months postoperation revealed 
a trapped left lower lobe, with 10 per cent O 2 uptake. 


















Fig, 3.— A, One day follou-ing right prereisection thoracoplasty, fi. One day following 
right upper lobectomy. Note communication with subscapular space. D, Six days po.stopera- 
tion. Ji, Four months postopeiatipn. Small tesitlual apical space. 
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extraperio.steal ploinbage or osteoplastic procedure of Bjork.® Since the mechani¬ 
cal disadvantage to the patient is essentially the sum total of both procedures, 
it is only the young patient witli good reserve who can stand this combined insult. 

In 11 patients receiving concomitant tlioracoplasty following upper lobec¬ 
tomy, Sze, Samadi, and Conant" reported postoperative atelectasis in 7. Simi¬ 
larly, J. K. B. Waddington‘“ recorded varying degrees of ipsilateral ateleeta.sis 
in 9 of 20 patients following thoracoplasty concomitantly with resection. 

PLEURAL TENTS 

Fashioning of a cap or tent of parietal pleura to lower tlie apex of the 
chest, and aid in covering raw lung surfaces, has been a valuable adjunct. 

The technique of pleural tenting lias been described by Miscall and Duffy.” 
It is similar to the creation of an extrapleural pneumothoi'ax, with the exception 
that it is much easier to perform from within the thorax. 

While small rents in the pleura may be sutured, any extensive defect 
incurred from entiy into the extrapleural plane, during mobilization of the 
upper lobe, makes formation of an intact tent difficult or impossible. 

It is possible to tailor the pleural dissection in such a manner that it may 
be posterolateral, apical, or anterolateral, and overlie the area of resected lung 
and maximum raw surface. Construction of .sucli a tent adds only 15 minutes 
to the resection time. The effectiveness of this temporary roof may be estimated 
before the chest wall is closed. 

No effort is made to maintain an extrapleural space with air or liquid 
during the postoperative period. The .space is quickly filled with blood if the 
pleura remains intact, and shrinks gradually during the successive two or three 
postoperative months (Fig. 4). In a fcAV cases, however, an ai)ical air pocket 
(extrapleural) has persisted, and acting on the observation that such a space 
might indeed be preventing postoperative expansion of the residual lung, we 
have carried out transient aspiration with needle or catheter. 

Our over-all results in this group (25 cases) have been most satisfactoiy. 
Whenever it has been used, the pleural tent has been effective in minimizing a 
potential postreseetion space and has assisted in reducing the incidence of 
transient air leakage from the raAV surface of lungs Avith limited pneumatic 
(self-sealing) function. 

PO.STRESECTION THORACOPLASTY 

A commonly accepted indication for posti’esection thoracoplasty in tuber¬ 
culosis sui’gery has been a persistent apical space unfilled by remaining lung. 
Although the existence of such a space is usually, but not ahvays, associated Avith 
a bronchopleural fistula,^" the adjunctive “space-filling” thoracoplasty has 
often been successful in the dual role of space obliteration as Avell as fistula 
closure. 

Sze, Samadi, and Conant,® in a revicAV of their resection group, formerly 
used a 3- or 4-rib thoracoplasty routinely, folloAving upper lobectomy, ostensibly 
to prevent overexpansion of the remaining lung and reactivation of residual 



\Iu, l>OsrittSLGriO*N ^jPACE IN aUliLlK ULOslt. Ill %7 

Nun bci 3 
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disease. At present, with the protection afforded by postoperative chemo¬ 
therapy for six months or longer, they reserve the postresection thoracoplasty 
for the occasional patient Avith residual pleural space or bronchopleural fistula. 

Murphy^® reseiwed the subsequent thoracoplasty for the case with incipient 
or frank bronchopleural fistula, or persistent delay in re-expansion. Following 
this policy, he obtained 82.7 per cent satisfactory results after 98 operations 
(segmental resections) Avithout a thoracoplasty. 

Our indications for the postreseetion thoracoplasty have been discussed 
previously*^ and, in general, are similar to those of Murphj". 

The need for a small ‘‘space obliterating” apical thoracoplasty, subsequent 
to resection, appears to decrease propoi-tionately as the mechanical problem of 
dealing with the cut surface of the lung is solved. 

The incidence of earlj^ or late tuberculous complications in the patient 
receiving long-term drug therapy, and coming to surgery with susceptible 
bacilli is quite small. We believe that tlie indications for a postreseetion 
thoracoplasty should noAV include the baeteriologie consideration of the patient’s 
sputum preoperatively, the presence of resistant bacilli in the sputum or resected 
material, and the distribution, character, and amount of re.sidual parenchymal 
disease. 

Recently Ave have been attempting surgical treatment in a group of patients 
AAdth cavitary upper lobes, positiAm or intermittently positive sputum, and 
resistant bacilli. In this group (noAV numbering 12 patients), Ave have been 
aAvare of the impossibility of removing all palpable disease by preoperative 
laminography. 

The cavity-bearing Axpper lobe has been removed, leaving residual closed 
lesions (caseous, necrotic foci) in the loAver lobe and contralateral upper lobe, 
up to, and in some cases, exceeding 2 cm. While the loAver lobe may undergo 
some compensatoiy emphysema (or already has obstructive emphysema), the 
contralateral upper lobe maj^ do the same A\dth shifting of the superior medias- 
timtni. In this group Avith resistant baeilli in the resected specimen, and 
usually in the regional lymph nodes, Ave have advised postreseetion thoracoplasty, 
largely on the basis of poor chemotherapeutic control rather than the fear of 
overdistention leading to subsequent reactivation. 

DISCUSSION 

Bjork*® lists the disadvantages of a preliminary thoracoplasty Avith sec¬ 
ondary resection as folloAA^s: 

1. Psj'chological handicap of facing a second major operation. 

2. Prolonged hospitalization. 

3. The danger of spread is greater after a thoracoplasty than after a 
resection. 

4. It is more difficult to model the chest in the desired size at a second 
operation. 

The physiologic evidence of the handicap Avhich a preresectiou or concom¬ 
itant thoracoplasty imposes on a patient is considerable. Bjork*® observed sev'eral 
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:nstancts aIioic full) tlioiaiojil.islics -witli apicoljsis icsultal in nioic sevtie 
postopm.itno couisls than itsoUion in siimlai eases llo bUiovcd this was due 
to the conihinatiou ot compussion atcketasis, pioducod Iij the tlioineoplasty, 
and the accunuilation of lluid in the ajntoljsis space, plus paiadoxieal inove- 
nients of the unstable chest wall In a senes ot 16 patients, following lesection 
of segments and lobes undei old thoiaeoplastics, he found that in patients uith 
good pulmonary tuucttou, the aiteiial 0- tension reached the pieopeiative 
value on the titth dav altei suigeij, wheicas in those uith adiancod bilateial 
disease, the aiteiial 0. tension had not leached the pieoperatne lalues attei 
1 0111 teen postopeiatne dajs 

W W &tead and co-uoikei,* in a senes of valuable physiologic 
studies following thoiaeie suigeij, eonfinned the woik of Bjoilc and Beiggien’" 
Ill finding a fall ot hemoglobin satuiation b\ a shunt of blood thiough leeeiitb 
collapsed lung tissue iiliieh nas not being aciated Thej touiid, as hud othei 
imestigatois, the OMstonce of a dchnite icspiiatoij acidosis at the completion 
ot the opeiatue pioecdiue Thej deteimiiiLd that in ordei to eoirect this 
acidosis, an niuoasc in aheolai ventilation was inpiiied In the patient who 
was unable to cftcct tins iiicieasc in iiiinute leiitilation, because the tidal ev 
ehaiige was limited by pain and vaiymg degiees of paiados, the eoinpeiisation 
was met by tlio moie iiieffieiuit intchanism of a luaiKed ineieaso in the 
lespiiatory lato In patients who weie unable to miet this demand ot c\tia 
lespiiatoiv woik because ot age, dcbiliti, extent ot suigeiy, oi associated patliol 
ogy, which had already eompioiinsed then rcsoiio, seiioiis degiees of pulmoiiaiy' 
insuflieienei oi death might lesiill m the postopeiatise peiiod 

Bjork eonsidcis tlie only adiantagc ot staging the thoiacoplasty and 
leseotion to be the lelatisc absence ot paiadox at the second pioceduie In mcw 
ot the manifest psychological, suigieal, and physiologic disadioutages, theie 
must be inoie than the lack ot paiadox to jiistitv the widespiead iiupicssion 
that a picliminais thoiacoplasty makes leSLCtion iiioie safe foi a patient'® 
Aie tlieie eeitain patients in whom the dmgs aie unable to effect the neeessaiy' 
lesolution of disease, so that the patient is a bettei iisk foi reseetion^ Should 
a collapse pioceduie be earned out on these patients with the anticipation ot 
tailuie theietiom, and the delibeiate intent to lesect later in any eieiit? 

Sinee a satistactoiy thoracoplasty (Alexander oi plombage) may' aiiest up 
to 80 per cent of cases, it is difficult tot us to deteimine which will be the moie 
unfoitunate 20 pei cent, without allowing the test ot time It pieiesection 
thoiaeoplastics aie done as a loutinc nicasuie in the open positiie group, will 
not a considerable numbei of patients have lesections whose disease might well 
hare become aiiestcd with the thoiacoplasti alone? 

In 1952, Takaio, Clagett, Hodgson, and Can, " in lepoiting 73 cases of 
piilmonaiy lesection toi tuberculosis, with a follow up ot one yeai oi loiigoi, 
stated tliat “it is genciailv agiced now that thoiacoplasty should be peitoimed 
attei pneumoneetomv oi lobectomy foi tubeiculosis, to prevent oveiexpansion 
of the lomannng pulmonaiy tissue and bieakdown ot ((Uieseent tubeioulous 
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foci.” This dogma, echoed by many writers in the ensuing- years, has become, 
possiblj' through strength of repetition, a traditioJial indication for a con¬ 
comitant or post resection tlioracoplasty. 

There are no adecpiate pliysiologie or pathologic data to support the con¬ 
tention that true emphysema develops in the remaining lung tissue following 
lobectomy. Experimental studies,-- v/hich are largely based on pneumonec¬ 
tomies in dogs, reveal the presence of simple distention, and, later, compensatory 
emphj'seina. Whether these changes progress to emphysema in the anatomic 
sense, with atrophy and rupture of alveolar septa, following upper lobectomy 
in young patients, has not been conclusively demonstrated. Nor is there any 
good evidence that this amount of lower lobe hyiierinflation is a physiologic 
deficit, OX’, for that matter, can neeessarilj'- be prevented by a postlobeetomy 
thoracoplast3\--‘-'‘ Various degrees of obstructive or localized hypertrophic 
emphysema already exist in these lungs at the time of resection, apparcntl}' as 
a result of the healing processes of tuberculosis. 

If the emphysema-preventing thoracoplasty is to be advocated on a prophy¬ 
lactic basis, it would seem that substantial evidence should be available that 
such lower lobe distention is a physiologic handicap, and, moreover, that such 
late changes may be prevented by thoracoplasty. 

There have been sporadic ease reports of tuberculosis beginning in upper 
lobes following lower lobectomy for bronchiectasis.'^^'®' In almost every reported 
case, there was no evidence of tuberculosis on the pre- or immediate postopera¬ 
tive chest films. Progressive tuberculosis appeared in the majoritj’- of these 
eases within one year after lobectomy. Kothstein and Gerson®“ attribute this 
activation of tuberculosis to overexpansion of the upper lobe. However, none 
of the authors refer to their gross findings at operation, and all cases were done 
without the benefit of any specific antituberculosis chemotherapy. 

We should like to emphasize the extreme unpredictability of the residual 
neei’otic focus. Eeactivation of tuberculosis has occurred under a variety of 
conditions. There is no information in the previous reports which establishes 
a eause-and-effect relationship of overdistention on small residual lesions in the 
remaining lobe. 

In addition, we have seen 2 patients who had a postlobectomj^ thoracopla.sty 
and were tx’eated for six months postopei'atively, jmt had lower lobe reactivation 
three years later. 

In this regard we accept Medlar’s®* concept of pathogenesis; i.e., the spread 
of tuberculosis is due to bronchogenic dissemination. He has furnished patho¬ 
logic evidence Avhich reveals that, while the healing process takes place to a 
certain extent in a collapsed lung, the necrotic lesion is in-eversible and main¬ 
tains its proximity to the bronchus. While actual sloughing of the paren¬ 
chymal lesions may be prevented by certain mechanical conditions, true healing 
is rarely seen. He found, in 1 case, a chronic, sloughing, open cavity, with 
bronchial communication, which had been under a thoracoplasty for fifteen years. 
Dr. kledlar®® states further, he has never seen a specimen in which reactivation 
from a latent caseous lesion was conclusively due to the process of overexpansion. 
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Ill conclusion, it would seem that it adiunctne thoiacoplasti is to pioie its 
\alue in association with icscetioii suigui toi tiiheiculosis, theie must be definite 
eiidencc ot piotcction against maioi tubeiciilons coinplieations in the tlioiaco 
plasti gionp Complications (hstiila, empicma, spiead) tollowing lobectonn 
(411 cases), with md without piCMOiis thoiacoplastv, as lepoited in one teai 
ot tabulated lescction data iiom 47 contributing hospitals (14th V V, Aimi 
Naw Contoience on Chcmotheiapc ot Tiibciciilosis)-'" do not indicate that ant 
piotcction IS affoidcd bt the pieicsection tlioiacoplasti Ovoiliolt, Wilson, and 
tichiing^' concluded in I'lli, that, Chcmotheiapt has pioduccd a piotound 
leduction in the iisk associated with tliise opciations ThoiacoplasU done be 
loie, with 01 immediatch attci icscction did not lowei the complication late 
111 oui senes ” It this statement was tiue iii 1052, it would appeal even moie 
jnstihcd in 1955 

SUMM UlV 

1 A senes ol 29 eases ot pieicsection tboiaeoplasft, 25 cases ot pleiual 
tent, and 25 ol postiescetion thoiaeoplastt is piesenled with then clinical iiidica 
tions 

2 The plitsiologic handicap ol the pieicsection and coneomitant thoia 
coplasty IS cmphasired 

3 There is no definite pathologic oi clinical cMdcnee that the adiunctne 
thoiacoplasts makes icscction moie sate loi a patient 

4 The impiession that icduetion in the size ot the hemithoias should 
benefit patients with obstiuctnc oi compensaton emplnsema is not tenable 
These aio the patients who aic most ciiliiciablc to am iiitoiteicncc with the 
bellows mechanism ot thoias and diaphiagm 

5 Piophjlactio thoiacoplaste, toi the sake ot piecenting o\eidistention oi 
leactivation ot tubeieiilosis is a nebulous concept A thoiacoplaste foi the 
puiposc ot closing a fistula oi empecnia space is tin lapeutie 

6 The toiegoing stateiiicnts aie not piesented with am intent to settle an 
issue The plea is made that, it a patient is to be gnen an adpinctnc thoia 
eoplastt, theie must be cons'derabK bcttei testimom than is now available that 
It IS woith the piice he pays 
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Tlin PERSISTENT PLEURAL SPACE POLLOAVING PARTIAL 
PULMONARY RESECTION 

Ei.usw oitrH E Waui h \m, JI D ,® Hugh B \rufr, M D , J vmfs S McGoey, M D , 
WD InURINtt AID 

Nfw A’'ork, N X 

INTKODUCTtON 

A lthough the goal m tlic Iiostopeiatnc management of patients having 
paitial pnlmonaiy itseetion is to ic-espaiul the lung lapully and bung 
It into apposition with the eliest nail, thcie aic a ceitain mimbei of patients 
wheie this is not aceomplished A peisistent pleiiial an- spaee is not infie- 
(piently an \iay finding aftei paitial pulmonaiy leseetion This finding is 
a cause of eoneein Joi the suigcon The hacaid of infection, especially sup- 
puiatiou nith attendant estcnsion into othci paits of the lung oi pleuial space, 
pionipts the surgeon to ohliteinte the space by cailv vigoioiis iiieasuies These 
include needling and aspiiatiou, closed diainage with oi nithout suction, and, 
vety often, thoiacoplasty 

Now, bowelei, with the use ot antibiotus many complicating infections 
may be pi evented This study is a levicii ot d.if.i on patients who showed a 
peisistent pleuial an space in oidei to obsciie the fate of the space with and 
without seeondaiy suigeiy 

I'lrilOGl NCSIS 

An eaily postopeiatiic space may be due to a dispiopoition in \olume 
between the chest canty and the leiiiaiinng lung tissue AVithout an air 
souice, this type ot spaee giadually contiacts, fills in with exudate, and oblit- 
eiates A pleuial space which peisists is stiong evidence of bionchial an leak¬ 
age It the ail souice is laige as fiom a lobai oi segmental bionchus, this 
fistula lesults in an infected spaee Howevei, if the an soui ce is small as fiom 
a teiminal oi lespiiatoiy hi onehiole, and the patient is undei antibiotic tieat 
lueiit, theie is a high piobabilitv tlmt the patient mil be s>mptomless and the 
space would go uiuecogniaed but for the finding on chest loentgenogiam 

SIETHOD 

All patients undcigoing jiaitial pulnionaii lescction at Tiiboro Hospital be 
tween July 1, 1951, and June 30, 1953, iieie studied Selected pieopeiative 
xiajs weie scaniitd foi the tjpe of disease, and all postopeiative Mays of 
each patient veie sciialls leiiewed to dctcimiiie nhethei theie was a pleuial 
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space. When a space was present twenty-one or more days after operation, it 
was recorded as a persistent space. Subsequent films were examined to deter¬ 
mine the fate of the space and how long it persisted. At the same time the 
clinical record was investigated in detail. 

These patients were nontuberculous and tuberculous. In the tuberculous 
patients, if organisms were found in the sputum or gastric contents within 
ninety days before the day of surgery, the patient was classified as sputum posi¬ 
tive. The remaining are tabulated sputum negative. 

Preoperativel.y, all tubei’culous patients received combined long-term chemo¬ 
therapy until maximum benefit was obtained, determined by chest roentgeno¬ 
gram and sputum studies. Postoperatively, drug therapy was continued for 
at least four months. The nontuberculous patients received suitable chemo¬ 
therapy before and after surgery. In all cases, the deeision for surgery was 
made at a medical-surgical staff conference. 

Postoperatively, the patient’s course was noted for fever, tachycardia, 
respiratory symptoms—especially cough, hemoptysis, wheeze, sputum both as 
to volume and chai'acter—and body weight. The persistence and amount of 
air leakage through the chest drainage tubes as well as the character of the 
fluid drainage were observed. Supplementary surgical procedures were tabu¬ 
lated, and in tuberculous patients the sputum was examined and cultured for 
baeilli. These observations extended from the time of surgery to the last fol¬ 
low-up visit. This represents a follow-up from one and one-half to three and 
one-half years. 

PRE.SENTATION OF DATA 

This study comprises 136 patients (Table I) who had partial pulmonary 
resection. There were 104 procedures for pulmonary tuberculosis, of which 
33 cases were sputum positive. There were 32 operations for nontuberculous 
pulmonary disease. 


Table I. Types of Partial Puliioxary Eesection* ix 136 Patiexts 




TUBERCULOUS 

SPUTUil 

POSITIVE 1 XEG.VTIVE 

xox- 

TUBEKCULOUS 

cojibixed 

TOTAL 

Lobectomy 


14 

25 

20 

59 

Segmental 


12 

33 

5 

50 

Wedge 

Segment 

0 

1 

4 

5 

Lobectomy and 

or 

Wedge 

7 

12 

3 

22 

Total 


33 

71 

32 

136 


After study of all postoperative roentgen chest films on these patients, 
which included tomograms in the anterior-posterior and lateral projections, 
41 were found to have a pleural space twenty-one or more days after lung 
resection. AYithout the routine use of sectional radiography, the identification 
of many of these pleural spaces would have been difficult, particularly so in 
determining a space under a thoracoplasty. Postoperative fibrotie strands and 




PIJihl&TLN r PLEUI! VL SPACK 

Ni mbcr 3 

emplijsem.itims lung and blebi) b.ne been haul to distinguiib fioin a space 
uithout this aid A tunsidtiabie iiniiibLi ot these spaces uould not liaie been 
detected on coincntional pustciioi anteiioi and lateial hliiis 

The iilcuial an spaci s wcio e\ident gciu lally fioiii the (list day following 
lung icseetion and could be lollowcd thioughoiit then eoinse Seveial, how- 
evee, appealed a week oi iiioie aftei suigiti, and some aftei leiiioval of the 
chist diaiiiage tubes 

Postopeiative spaces weie tollowed on seiial inentgeiiogiams and the time 
ot then disappenance lecoided Such patients lia\e been folloned postopeia 
tnely foi a peiiod of tiiini one and one half to tliice and one half yeais All 
aic still being followed e\eept foi two who did not letuiii to the eliiiie aftei 
disappeaiaiice of the space on \-ia 3 

Clinical lecoids ot the 41 patients with pleuial spaces weie es-ammed in 
detail Aftei opeiatioii, 1-t ot these had iieisistent symptoms such as cough, 
wlieeae sputum pioduetioii, le\ci, tachycaidia, and weight loss These pa 
tieiits have been classified aibitiaiih as haling bionchoplenial fistulas Tbc 
itmaiiiiiig 27 asj'uiptomatic p.itieiits make up the gioiip ot paiticulai interest 
in tins study Thej had an uneicutlul postopeiative ictoveiy and on chin 
cil giouiuts could bo coiisideicd iiiicoiiipluated The pieseiioe of a space on 
\ raj w ns not anticipated 

\S\M1’T01I \TIC GROUP—PriiSISlFVl PI PUR \L spvcr 

Table II classifies these asj inptoiiiatie patients nceoidiiig to type of lesec 
tion and I’lg 1 shows the tjpo of disease which they had at the time of pul 
moiiaiy icsoctioii Tlieie weie 20 opeiatioiis foi pulmonaij'tiibeiculosis Siv 
ot these patients had positiie sputum The leinaiiiiiig seven opeiatioiis weie 


TcME TI IscniFsor or Asimitomctic Pisurii Air Sriccs is lie Patiests Iccormsr to 
T crE ot PoiMosMY Resection 




TUBLrCUlOUS 



PLKCEVTAGE 



SI UTlJM 

POSITIVE 1 NKATIVE 

TUBFfiCU 

TOUS 

TOT 

SPACES 
(pep CE^T) 

Lobectomj 


0 

4 

> 

Q 

10 2 

Segment'll 


3 

G 

-) 

11 

22 0 

Wedge 

Segment 

0 

0 

3 

3 

GOO 

Lobectomy and 

or 

Wedge 

3 

4 

0 

7 

33 2 


foi iioiitubeiculous piilmonaiy disease It will be seen that the incidence of 
spaces in segmental and wedge lesections, oi combinations ot these, exceeds 
that fiom lobectomy This is because the paicncliymal dissection inlieient in 
the pioeedine involves a gieatci siiigical suiface of lung tissue flora which 
an leakage occurs 

Fig 2 shows how long the spaces peisisted on tomogiaphic loentgeno 
giam One halt of them had disappcaied bcfoie fne months Tlieie weie 
seven eases winch weie followed foi a peiiod of oiei seceii months (Fig 3) 
Thiee had spaces winch weie poisistont aftei twm yeais All these p.stients 
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ai'e ou lull activity and remain free of symptoms. One tul)erculous patient 
was found on follow-up, ten months after dischar”(', to have a cavity in the 
contralateral lung'. The jjleural .space had been closed for six months, how¬ 
ever, and the ipsolateral lung iiarenchyma remained free of disease. The 
sputum had also been negative during this time. 



ASYMPTOMATIC SPACES SYMPTOMATIC SPACES 


Fig. 1.—Type of disease in patients having spaces. 



DURATION OF PLEURAL AIR SPACES 

Pig. 2.—Duration of the pleural air space in 27 asymptomatic patients. Three patients have 
shown a persistent pieural space for over two years. 

In reviewing the surgical management of this group without symptoms, it 
was found that 20 patients received no supplementary surgery although at con¬ 
ference the adAdsability of thoracoplasty rvas considered regularly. One pa¬ 
tient had a limited thoracoplasty at the time of resection. Several patients 
refused further surgery because of their well-being. There were seA’en Avho 
had operative inteiwention. One had catheter drainage for twenty-four days. 
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Six liacl surgical exploration for the pleural space and limited rib resection 
over the space. Three of the patients in whom thoracoplasty was carried out 
continued to have the space for one year or more after the secondary pro¬ 
cedure. 

Exploration of the spaces in the 6 asj'inptomatie patients, just mentioned, 
revealed findings which were quite uniform. Their size varied from 3 to 10 
cm. They were located in the upper half of the chest between the operated 
surface of the lung and the clicst wall. During the first four to six weeks, 
the space was covered with c-'-udate and organizing tissue. Minute openings 
could be demonstrated on the surgical lung surface from wiiicii air leaked with 
positive endotracheal pressure. Those .spaces opened six months or more 
after resection were found to be endothelized and had a eystlike .appearance 
(Pig. 4). The same minute bronehiolar openings could be demonstrated. None 
of these asymptomatic spaces cxjiloicd was found to contain fluid or evidence 
of infection. Cultuies for pyogenic organisms and tubercle bacilli did not 
show growth. 



Fife' 3 —Tomogram of asymptomatic apical pleural spacf three months after resection 
of apical and posterior segments for bullous cysts After ten months of observation it 
disappeared to x-ray >iew 


.SrMPTOMATlC (JROUP—BRONCHOPLnUK VL FISTULA 

Table Ill shows tlie distiilmtioii according to the type of resection of 14 
patients with symptoms of bronchopleural fistula and Pig. 1 shows the type 
of dise.ase they had at the time of pulmonary resection. There were 13 oper.a- 
tions for pulmonary tuberculosis, ten of which were in patients who had tu¬ 
bercle bacilT -*— -. - 
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Fig. 4.—Tomogram of asymptomatic apical pleuial space which was e.xplored eleven 
months after resection of the left apical posterior segment for cavitary tuberculous lesion. 
The space was found epithelized and cystlikc in appearance. 
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Fig. 5.—Present status of patients with asymptomatic and symptomatic spaces followed for 
one and one-half to three and one-half years. 
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TABLL III IVClDLNCb OF feYJtITOJI VTIO PtEUBWi SPACFS (BitONOUOl bEUKAI FiSTULASj IN 
130 PAriLNTe, AccOrdino to T\pe 01 Pulmonary Reseoiion 
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middle lobe Theie is in oiii gioup an apinoMunte 10 per cent mcidenet of 
bionehopiciiidl listida, the intidtiici, being Mimlai foi stgincntaZ lesection and 
lobectomy All these patients ha'e had piompt chest diainage, multiple stage 
thoineoplasty, and laiious plastic pioecdiucs Some haie had fiutlioi pul 
monaiy leseetion and otheis, eaily secondaiy elosuie of an open bionchus 
Despite aggicssne suigital attack, it uill be noted in Fig 5 that aftoi a 
follow up fiom one and one halt to tliieo and one halt leais on tlie ten patient 
with positive sputum that throe no dead, foiii hainig peisistcnt fistula Inc 
with disease ni the hospital, and 1 Ines at home In (he lemaining two, the 
fistulas have closed and the patients appeal well 

The tluee tubeieulous patients with negatne sputum who hod bioneho- 
pleuial fistulas aie fioo of symptoms and fully actne Two of these continue 
to haie apical spaces imdoi a thoiacoplasty The icmnimng one, two months 
oftei iippei lobectomy, bad a sccondiiy elosmo of an open bronchus with 
complemeiitaiy thoiacoplasty which oblitciatcd the space She also is well 
One nontubeiciilons patient with a hioncho])lcmal fistula healed aftei 
open diainage and thoiacoplasty 


DISCUSSION 

Wo jie impicssed with the mieccntfiil loeovoiy of those asymptomatic 
patients with negative sputum who show on s. lay a peisistcnt pleui il spice 
aftei paitial pulinonai-y icsection None of these patients to the pioscnt time 
has developed complications because of the space Pi mi to the antibiotic age, 
infection svould bo anticipated and lienee obliteiation of the space by opoiative 
inteivention stiongly adiocated The need foi this additional suigciy as a 
loiitme miy now requiie eialuation, foi the imjoiity of these spaces will 
obliteiate in a few months, mid thcie appeals to be little iisk in followmg them 
foi a yeai oi moie A decioasc ni size of the space on seiial loentgenograms is 
a favoiable sign 

On the othei hand, a patient with aplcuial space whose sputum continues 
positne foi oiganiswi, m spite of diiig theiupy, has an uneeitani piognosis 
foi lecoseiy All deaths and stiious raoibiditj in oui senes oeeuiied among 
patients infected ivith antiinieiobial lesistant organisms (Fig 5) 
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' SUMMARY 

The postoperative x-rays of 136 consecutive patients xindergoing partial 
pulmonary resection were scrutinized for a ijleural air space present twenty- 
one or more days after operation. 

There were 41 patients in whom a persistent pleural air space was found 
and the significant clinical data were correlated. 

Soon after operation, 14 of these patients liad respiratory and constitu¬ 
tional symptoms indicative of bronchopleural fistula, ten of whom were in¬ 
fected with drug resistant tubercle bacilli. For the latter group, the prog¬ 
nosis was poor despite multiple operations; three are dead, five live with dis¬ 
ease, and only two are clinically well. The remaining four patients whose in¬ 
fective organisms were preoperatively controlled by chemotherapy are clini¬ 
cally well after supplementary surgery. 

There were 27 patients with pleui-al air spaces who were asymptomatic. 
They have had a satisfactory recovery with or without supplementaxy surgery. 

This study shows that a postoperative pleural air space may be safely 
treated conservatively if the patient is carefully observed and the following 
conditions obtain: 

1. There must be absence of respiratory and constitutional symi>toms. 

2. There should be progressive shrinkage of the space on serial roentgeno¬ 
grams. Tomograms are very helpful in this follow-up. 

3. In tuberculous patients, the sputum must be negative for tubercle bacilli. 

4. The patient should be on effective antibiotic drug therapy for control 
of the parenchymal disease. 

If these criteria are not met, the patient shouhl hax'e early surgical inter¬ 
vention to obliterate the space. 



Tire AfANAOEJIENT OF THE PLEURAL SPACE FOLLOWING 
PARTIAL RESECTION OF THE LUNG 
(ESPECIALLY FOR TLBERCULOSIS) 

Cii Mil rs AY Pi^DLvi, Jk ,* AID 
Nfw Yoniv, N Y 

INTRODUCllON 

T he obliteiation o£ the pleiual taiitx lollownig putial lemoval of a lung 
IS most impoitant Aleit smgeoiis stine loi this ideal as eaily as possible 
111 the postopeiatiie peiiod A picuial space that has peisisted foi moie than 
two weeks may leid to thioiiio empyema with oi without hionchopleuial 
fistula Such complications otten icquiie fuithei deloiming slid sometimes 
difficult opeiations, and the Lonvalesceiite of the patient is pioloiiged AAGth 
eventual healing, hhiosis of pltiiia and diaphiagmatic defoiniity iiiav lessen 
futuie pulmonaiy function of tlie opeiated lung 

At Pit^sinions Ainiy Hospital, ovci foiii bundled lobectomies oi partial 
lobectomies weie done dui nig the past two veais Two thuds of these involved 
the lesection of lobai segments that was pcifoimed usually foi tubeiculosis 
It IS very impoitant that the postopeiatne tubeiouloiis patient lecoveis with 
out a pleiual space oi bionelioplciual fistula Such losiduals usually pievent 
ultimate cures of the disease and lead to difficult pioblems in total manage 
ment It has been noted, howetei, that this gioup has leoalcitiant pleuial 
difficulties which ta\ the uigenuity of the siiigeon The Thoiacio Suigical 
SeiMce at Fitzsimoiis Aiinj Hospital foi the jiast two yeais has included stu 
dents of this specialty from difteient paits of the countiy They liaie con 
tiibuted to the eiolution of management ot the jiathology in ipiestion Con 
sideiations for the taie and pieiention of pleiual spaces aftei subtotal pulmo 
naiy rsection follow 

THE ADJUVlNrS IND C IRCI ULNFSS OI SUROFRV IT THE TIMF OF RESECIION 

The type of opeiation and the amount of lung to be lenioved should be 
planned as completely as possible befoie suigeiy Ideally, the lung remain 
iiig aftei resection should be fiee of inflammatoiy and mechanical disease 
A bionehiectatie lemiiant does not expand well postopei atively and it is pi one 
to develop aitas ot pneumonitis The siituuiig of a divided bioiiehus with a 
tubeiculous iilcei may lesiilt in a fistula latei These factois and many otheis 
must be diagnosed befoieiiand so that piopei suigeiy may be selected 

From the Surgical Service Thoracic Smgery Section PitZ6imons Army Hospital Den\fr 
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Preliminary thoracoplasty in tuberculous patients is a subject of much 
debate. Some surgeons prefer to use it at the time oL' resection or as a later 
procedure. At I'itzsimons, a modified Ihoraeoplasty is done about three weeks 
prior to resection if the removal of more than two segments of an upper lobe 
is contemplated. The posterior half of the third rib and all of the second rib 
are resected subperiosteally leaving the transverse processes intact. The peri¬ 
osteum is stripped from the undersurface of the first rib and an apicolysis is 
performed down to the level of the third or fovirth rib posteriorly (Pig. 1, A 
and B). If three or more segments are excised witlioi;! this preliminary step, 
the modified thoracoplasty is done several weeks later. Concomitant pro¬ 
cedures are not done unless the equivalent of four or more segments is re¬ 
moved and a first-stage thoracoplasty already has been done. Under such 



A. B 

Pig- 1 .—A (Sept 10, 1954) On Aug. 16. 1954, the patient had a modifled right upMr 
thoracoplasty. On Sept. 8. 1954, she had right upper lobe lobectomy for tuberculosis. On 
Sept. 10, 1954, the chest film showed a significant air-fluid collection In the right chest and 
the tubes were not draining well. 

B (Dec. 6. 1954). SK-SD solution w'as instilled into the chest through the upper and 
lower tubes. The fluid and air -were aspirated three hours later. This was done three times 
during the first postoperative week. Although the treatment caused considerable pieiirai 
reaction, the pleural space was effectively evacuated. Most of the pleural thickening nau 
disappeared by Dec. 6, 1954. 

conditions a second stage may be completed at the time of resection. An ex¬ 
ample would be the excision of an upper lobe and the superior segaient of the 
lower lobe in a patient that had a preliminary thoracoplasty. The fifth rib 
would be removed for the intrathoraeic procedure and a posterior segment of 
the fourth rib would be removed near the end of the operation (Fig. 2, A). 
There is minimal paradoxical motion following this method of management. 
The relaxed chest wall approaches the small lung remnant and often leads to 
early obliteration of the pleural cavity. It also prevents overexpansion of the 
underlying lung. 
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Attention to details at the time of resection contributes to early evacua¬ 
tion of the pleural space and cessation of air leaks. The lysis of pleural ad¬ 
hesion, especially in the lower half of the chest, permits a free egress of fluid 
and air through the drainage tubes. It also allows for uniform expansion of 
this lung remnant. Sometimes, howevei*, it is possible and judicious to leave 
some of the apical adhesions intact to prevent later space problems in that area. 

If segmental surgery is performed, the remaining raw segmental surface 
should be free of disease. The blunt di.ssection used diiring the removal of a 
segment is difficult if inflammation or fibrosis has crossed the intersegmental 
plane. Deviations occur that eitlier remove too much or too little parenchyma. 
Devitalized tissue may be left behind or injuries may be made to the bronchi, 
veins, or lung tissue of the adjacent and remaining segment. Such technical 
errors lead to localized pidmonaiy infarction, expansion difficulties, and trou¬ 
blesome air leaks. It is sometimes wise to remove more lung than planned to 
prevent the above eomplications.- 

After the removal of the specimen, any depleuralized lung surface should 
be examined carefully for bleeding and large air leaks. These should be 
properly sutured. Small alveolar leaks usually close over soon. There should 
be minimal distortion of the lung remnant. If there has not been too much 
suturing of the raw segmental surface and there are no limiting adhesions, a 
normal lung remnant should expand evenly and early following surgery. All 
transected major bronchi should be covered with pleural flaps or adjacent tis¬ 
sue. Complete intrapleural hemostasis will be rewarding since it usually ob¬ 
viates postoperative transfusions, frequent chest taps, and later surgery. Near 
the end of the resective surgery, all segments of the remaining lung should 
expand well with positive intratracheal insufflation. Any expansile lag of all 
or part of the lung may be caused by remaining disease, endobronchial mate¬ 
rial, or operative kinlting of a bronchus. Such a finding is best corrected at the 
time of surgery. 

Proper drainage of the plei;ral cavity is very important. It is wise to use 
two No. 40 French tubes. The tip of one should be placed as high in the chest 
as possible to remove air, and the other should be in the most dependent posi¬ 
tion to remove fluid. They should be so inserted that limitation of pulmonary 
expansion does not occur. The external ends of the tubes are attached to 
water-seal drainage to allow good escape of pleural contents during the clos¬ 
ing of the wound and thereafter. To prevent early intrapleural clotting, about 
300 e.e. of saline are poured into the pleural .space just prior to closure. Anti¬ 
biotics are added to this fluid to combat early postoperative infection. 

Concomitant pneumoperitoneum is a valuable adjunct in resection of all 
or part of the lower lobe. About 700 c.c. of air is instilled into the abdomen 
after closure of the chest. More air is added later depending on the condition 
of the patient and the roentgenographic findings. Preservation of the 
phrenic nerve prevents troublesome paradoxical motion and difficulty with 
bronchial secretions. More recently concomitant pneumoperitoneum follow¬ 
ing upper lobe surgery has been used. The rationale for this is upward dis- 


\ iunt3l MVfCVOrMLNi Oi’PLIUTiM SJ’ACC GO'S 
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placement ol; the lemaimiig lung uhich then e\p.in(ls mine leadily into the 
apical space The fust Icn patients ticatcil in this mannei have had no space 
difficulties, hut finthei studus aie necissin lin complete os ahiation 

ICllM 1 MlIA fOSlOl'l RllIVI C\UF 

Aggiossne maiingcment shoitiy aftei siugti3 is inipoitaiit to pieient 
plcuial space pioblems The tiaclicohionehial an way should be eleai at all 
times Usually coughing, deep bieathing, and ficqucnt changes of the pa¬ 
tient’s position siitbce Piequentl3, houeiei, iiitiatiacheal suction by catlietei 
IS nceessaiy and occasion€ill3 blood, mucus and esudate must be lemoved b3 
bionchoseoi)3' A heliifiil adtiinct is the use of the inteimittcnt positive pies 
sine breathing appaiatus, winch is good foi cleniing the bionchiolai pas 
sages ^ - It may he used in the pieseiiee of a bionchopleuial fistula pioiided 
a pleuial diainago tube is in place leading to a watei sea! bottle oi suction 

Piophybictic tieatment against plcuial infection is impoitaiit Appio 
piiate oial and paieiiteial antibiotics should be staited befoie suigeiy and 
niaiiitaiiied toi at least a week aftei opeiatioii This tieatment will also com 
bat pulmonaiy iiifcetion piovided atclictasis docs not develop Uaily apposi 
tion of the visecial and paiietal pleuiae is one of the best pieventives against 
empyema An obliteiated plcuial ca\it3 laiely develops infection wheioas a 
peisistent pleuial space is pione to become iiifeetcd Intel 

One of the most piossing pioblems is the maintenance of .idequato pleuial 
diainage Laige lubbei tubes aic the best conduits to lemove intiapleuial 
ail and fluid They should load at least to ii atei sc.il bottles at steady down 
waid gradients Tlieie aie adiocites ol aaiious degiess of suction langiiig 
fiom 6 to 40 cm of watei Usually 6 to 10 cm of vatei suction is adequate, 
but highei degiees 11103 bo used latci 111 the locoseiy peiiod Low suction 
does not cause escessiie pleuial edema 01 leactioii AYlien all an and fluid 
have been lenioved, the an leaks piob.iblv close b3’ then apposition to adja 
cent suifaces and fibiiiious ocelusion 

Chest tubes aic lenioicd iihen then fluid columns stop fluctuating and 
the space is obliteiated This usually occuis fiom the second to the seienth 
postoperative day It a tube is plugged piematiirely, it should be milked close 
to the chest to lesuine patenc3' Sometimes, antibiotic solutions 01 stieptokinase 
stieptodoinasc (SK SD) must be instilled into the tube jnoMiiiallv to dislodge 
or dissolve clots If a bionchopleuial fistula peisists. at least one tube usu 
ally stays open and it must be kept open until the desiied lesiilt is obtained 
When expanding lung sepaiatis the intoinal opining of a tube fiom a pei 
sistent pleuial space that does not hive a negatiie picssuie, the tube should 
be lemoied and anothei nisei ted to the piopei place 

THE PERSISTINT I’OSTOl’ER llll F SI’ICC IT IIIF PI FCR IL U E\ 

Although a patient has been tieated by the above standaids, an apical 
space may peisist This space may be benign, but it may heiald futuie diffl 
eulties It should be considcied daiigeious until moie is known about it The 
aleit siiigeon should eialu.ite and treat it as soon as possible 
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An obstruetecl tube, especially to the upper chest, in the presence of an 
apical space is either plugged with fibrin or the internal opening is closed by 
the expanding lung reninant. When this occurs, the surgeon should know the 
pressure within the space. This may be done by tapping with a needle the air 
pocket posteriorly at the proper level. Any fluid is withdrawn if possible. 
Air is I’emoved until a high negative pressure develops or until it is obvious 
that a fistula is present. 

When a high negative pressure is maintained, the upper tube can be re¬ 
moved. The lower tube is taken out when it cannot be made to function prop¬ 
erly or when the lower chest contains no air or fluid. The apical space is 
studied by serial roentgenograms. When it progressively diminishes in size 
without fluid collection, nothing further is done. Films will show a convex 
upper lung remnant rising toward the dome of the chest. If obliteration is 
slow or fluid recurs, the space may have to be tapped several more times (Fig. 
3, A and B). Antibiotic solutions should be instilled when infection is feared. 



A. B. 

Fig. 3.—A (Sept. 17, 1954). In March, 1954, a segmental resection was performed on 
the left lung for tuberculosis, and the patient made a good recovery. On Sept. 10 , 1954, she 
had an apicoposterlor segmental resection of the right upper lobe for the same disease, it 
was also necessary to remove a wedge of tissue from the adjacent anterior segment. Un 
the fifth day after surgery an apical space was demonstrated by chest films. For the next 
live days it was aspirated by needle through the third interspace, posteriorly. No nstuia 
was demonstrated and the space closed slowly but progressively. 

B (Nov. 23, 1954). Seventy-four days after surgery her film was as shown. 

More complicated treatment is necessary when the initial chest tap shows 
the presence of a fistula by free flow of air through the needle. The same is 
true when, at the end of tapping, a negative pressure is reached which becomes 
neutral or positive the next day, indicating a slow bronchial leak. If both 
tubes are in place, the surgeon may elect to insert streptokinase-streptodornase 
through the upper tube (Fig. 1).^’ ■* This should dissolve any intraluminal and 
adjacent clot so that the upper tube again communicates with the apical space. 
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Following instillation, both tubes aic clamiicd foi tliioe oi foiii boms Rela- 
tn ely high suction is e\ei ttd on them when they .11 e opened The niti apleui al 
thud and an is diawn oti as last as possiblt lutli the hope that the apical space 
will obliteiate immediately It this ideal is not obtained, constant suction of 
about 10 cm of watei is maintained until the tubes cease to function 

Occasionally polj ethylene tubing has been used to decoiiipiess an apical 
space that is not intubated etfectiielv Such tieatment is used when the 
fistula IS very small The tubing is insetted posteiioily tliiough a No 15 
gauge needle into tlje space and attached to low suction The space has dis 
appealed with this method in a few cases Usually this tieatment has been 
unsatisfaetoiy duo to plugging of the tube despite frequent cleaning with anti¬ 
biotic solutions Appaiently the cgiess ot an 01 fluid from the space often is 
not last enough to allow evpansion of the lung lemnant 

At times, an intubated apical space fails to obliteiate despite the above 
management The funetionless uppei tube is tlieii lemoved and another tube 
IS leinseited immediately This is picfcrably done thiough the thud iiitei 
space in the anteiioi axilla The pectoialis muscle is not nijiiied since its 
lateial bolder is letiaeted foiw nd A closed piocodme using a tiocai usually 
suffices If lung is .idhcient to the paiictal pleuia in this legioii, the intei 
lostal space is opened foi a shoit distance, the plcuial symphysis is paited and 
the tube is advanced into the pleuial apex undei dneet vision (Fig 2 ) The 
wound IS closed tightly in laycis about the tube 

Sometimes an apical an space undci ncutial 01 positive piessure will lead 
to letiaction ot the lowei lung as well The loentgenogiam will show two 
spaces with aiipaient iileuial apposition 111 the mid lung field Almost in 
vaiiably, howevei, these two spaces coniniunicato This situation lequnes 
both apical le intubation as desciibed picviously and closed intubation of the 
lower space to eiisiiie fast ic expansion of the lung 

It is probably beneficial to stait pncuiiiopeiitoneiim whenevei a space be¬ 
comes difficult to obliteiate if it has not been given alieady The adjunct is of 
value only when tlieie is a negatiie piessuie in the pleiiia! space This often 
implies the piesence of a good functioning iiiti apleui al tube of adequate sire 
coiinected to low suction, exteiioily 

In some cases, a diaiiiage tube m.iy icmain patent foi many days without 
special caie This usually means that thcie is a peisisteiit space and lela 
tively laige bionchial leaks If the lung lemnaiit is laige enough and ex¬ 
pansible, pleuial obhtei.ition should appeal befoie long AVhen signs of 
pleuial iiitection appeal, such as puiuleiit diainage 01 systemic le.ictioii, an 
adequate thoi acoplasty should be contemplated with the diainage tube in situ 

THE PnODLEM Ot THE B VS IL SP VCE 

Following lesection of all 01 pait of a lowei lobe, tlieie is almost always a 
space in the lowci chest dumig the immediate postopeiative peiiod Because 
of its dependent position, the pioblcm of fluid evacuation is impoitaiit Any 
fluid should be withdiawii as eaily as possible befoie clotting develops Othei 
aspects ot blood m the lowei chest will be discussed latei 
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The use of concomitant pneumopedtonenm at the time of lower lobe sur¬ 
gery has been most beneficial, and it is used whenever possible. The elevation 
of the diaphragm diminishes the size of a basal air space, and less expansion of 
the lung remnant is required to close it. It is re-emphasized that the space is 
best obliterated by proper intubation with suction. 

Earely, the upper lung remnant is too small or it has unrecognized disease 
so that it will not expand into a basal space. If good drainage and pneumo¬ 
peritoneum ai’e of no avail, an upper thoracoplasty or plombage may be per¬ 
formed. The lung is shifted downward by these operations and less expansion 
is needed to fill the basal space. 

A pleural space problem in the lower chest worthy of special mention is 
that which appears next to the mediastinum. Such spaces usually contain 
both air and fluid, and the fluid level seen by roentgenography may not extend 
to the chest wall anywhere. Paramediastinal air and fluid collections usually 
develop originally by the dissection of air from a bronchial leak or an un¬ 
drained air pocket elsewhere in the same pleural cavity. If such a space is in¬ 
adequately treated, it will soon loeulate. Tapping the area may injure adja¬ 
cent lung and the placement of a drainage tube would have to be in an awk¬ 
ward location. 

It is recommended, therefore, that an open thoracotomy be done for a 
paramediastinal collection that does not respond to existing drainage (Fig. 4). 
This surgery is done preferably before the lung is firmly adherent to the 
diaphragm or before ten postoperative days have elapsed. A small incision is 
made in the chest posterolaterally at the level of the diaphragm. If possi¬ 
ble, the pleura is entered through an intercostal space, but it may be necessary 
to remove a short segment of rib. The lower surface of the lung is separated 
from the diaphragm until the paramediastinal space is entered. A large soft 
tube is inserted then with the aid of a trocar through the chest wall near by 
so that its tip rests at the base of the space near the mediastinum. All fluid is 
removed under direct vision. The original thoracotomy wound is closed and 
the tube is attached to low suction. 

To prevent this complication from reappearing, the surgeon should decom¬ 
press any inadequately treated air space or bronchial leak elsewhere in the 
pleural cavity. This may require the insertion of another drainage tube to the 
proper site and again low suction should be used (Pig. 4, B and C). 

HEjUOTHOR.tVX IN THE EARLY POSTOPER.VTIVE PERIOD 

A certain amount of bloody fluid always appears in the pleural cavity 
following pulmonary resection, and most of it collects during the first twenty- 
four hours. This creates an abnormal pleural space and the contents should be 
evacuated before clotting occurs. The installation of 300 c.c. of saline prior 
to closure delays early clot formation. Dependent constant drainage from 
the time of surgery usually gives good results. 

When there is persistent intrapleural fluid and little or no drainage from 
the chest tube, thoracentesis should be done as often as necessary until only a 
small amount remains. Early needling, especially during the third or fourth 




rig 4—A (No\ 5, 1954) On Oct II 1954 the mtient hail an apicoposteiior seffniental 
lestction of the rigiit upper lobe for tubeiculosib By the fourth day after surgery, both 
upper and lower tubes were plugged and there was an apical space The lower tube was 
iemo\ed On Nov 5, 1954, besides the apic'il space there was a paramediastinal air>fluid 
collection above the diaphragm SK-SD was instilled through the upper tube Some of the 
fluid and air was aspirateil through toe lube b> high suction, but tue fluid collection m the 
lower chest could not be removed by thoiacentesis This complication might ha>e been 
avoided if the lower tube hid not been lemoved 

B (Nov 7 1954) On Nov 7 1954 tJieic was i luge supi iilmphragm itic intl para¬ 
mediastinal collection The apic il an spite wa«i atill present On the same day a tube was 
inserted through the bed of the seventh nb to the paramediastm il space, and the apical space 
was intubated again Freunioperitoneum was started 

C (Nov 9, 1954) Roentgenograms taken two days later showed marked improvement 
I) (Dec 10, 1954) Foitj days after surgery, the pleural reaction had almost disap¬ 
peared 
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postoperative clay, gives the best results. Once clotting occurs, several instal¬ 
lations of SK-SD solution through one or more chest tubes have been beneficial 
(Fig. 5). There must be at least one tube in a dependent intrapleural position. 
Once fibroplasia has started, disappointing results are seen with this agent, 
ft is best, therefore, to use it during the first postoperative week. The ideal 
result must show the entire superior surface of the diaphragm and completely 
expanded lung by roentgenography. 

Occasionally, none of these procedures gives a good result. To prevent 
complications arising from a significant hemothorax, it is sometimes neces¬ 
sary to re-enter the chest through a short incision, evacuate all clots and fluid, 
and reinstitute closed intrapleural drainage. It is frecjuentl}" easier to obtain 
a good result by this procedure than by decortication later. If evacuation is 
done before ten postoperative days have passed, a restricting visceral peel has 
not developed. 



A. B. 

Fig. 5 .—^ (March 29. 19o-l). On :srarch 26. 1954, the patient had an apicoposterior 
segmental resection of the left upper lobe for tuberculosis. The pleural space was obliwraieu 
by adhesions and an extensive dissection was necessary to free the lung. Postoperativeiy 
was considerable bleeding into the left chest. The chest aim was as slioun 
operation. With both drainage tubes in place. SK-SD. tracheal suction, and intermnieni. 
positive piessure breathing ivere used repeatedly with gratifying results. 

B (Aug. 11, 1954). Four and one-half months later the above roentgenogram nas taken. 


There is an ominous type of hemothorax that usually occurs during the 
first twenty-four hours after surgery. Persistent bleeding into the pleura 
space from a small vessel or vessels may lead to early clotting. The drainage 
of blood from the chest may be alarming but incomplete, and the problem o 
blood replacement becomes acute. The blood pressure becomes unsta e 
despite repeated transfusions. The lung remnant is compressed and the me i- 
astinum may shift to the opposite side. Changing the patient’s position causes 
sudden hypotension. Before this clinical picture develops completely, 
ploration is mandatoiy ivith the evacuation of pleural contents and the iga 
tion of bleeders. 
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iui M'l’i VKVNCL or L\.ri rLLUBvi. sr vcLS Ai irit m brciiON 
PiieumothoiaLfs may appeal ten or moie days after suigeiy Some are 
seen as bettei loentgenogiams oi diffeieiit piojettions aie obtained Altboiigh 
caily chest films may have showed complete expansion, a thm air space was 
piobably piosent aVt any lato, the sudden appeal ance of a laigc space indi 
cates a bioiiehoplcuial fistula, and piompt dosed intubation should be done 
Low suction to the diainage tube usually leads to plcuial obliteiation and 
dosuie of the fistula (Fig G) 

MlNlGL’al XT OI PillSISTrM IIK M*ICrS DLSPIII' IBOVE TRI ITMI Nr 

A laige air space that peisists without impioi unciit ovei two weeks aftei 
siiigLiy often implies inadequate tieatmcnt cailioi If antibiotics have been 
used, eiiipyeiiia usually has not de\ eloped c\en at this mteival At least sys 
tcniie signs and symptoms of pleuial intcetioii aie raic The suigeon knows, 
houcier, that empyema is a constant tin cat, and he must get iid of tins space 
as soon as possible The piocediiics that must be used aie iiioie extensive than 
those pievioiisly mentioned Generali}, the longei necessaiy suigeiy is de- 
la} ed, the gioatei will be the ultimate loss of piilmoiiaiy function 

Wlieii an air space peisists without leakage fiom the lung lemnaiit, it visu 
ally IS situated in the uppei half of the chest AVitli needle aspiiations, high 
pcisisteiit negative picssuics can be obtained The uppei poition of the lung, 
howevei, may not expand appieciably because tboie is a limiting visceial peel 
01 tlicie is disease within the lung remnant An extensile and thick peel 
ovci the visoeial pleiiia must be dceoiticatcd if the uiideilyiiig lung is to in 
eieaso in volume, and it may be neccssaii to excise the paiietal suifaco of 
the space as well If it is inadvisable to open the chest, a modified uppei 
thoi acoplasty may be beneheial Fiequciitly this is a safei opeiatioii The 
iiumbei of iibs to bo lemoied will depend on the si/o of the space to be closed 
Usually a fiist stage pioccdiue suffices, and in the absence of a fistula, the 
space may be aspiiated by needle thiough the paiietal wall at the time of 
surgeiy 

When an apical space of any size peisists due to a bronchopleural fistula, 
it must be intubated with the application of low suction (Fig 7 ) The tube 
IS best inseited in the third iiiteispaee as fai to the fioiit as possible but lateial 
to the pcctoial muscle Aftei such diainage has been established, a modified 
tlioiaeoplasty should be done taking caic to avoid the tube tiaot All effoits 
should be made to avoid contamination of the subscapulai space Again a 
fiist stage opeiation usually is adequate, but on occasions the posteiioi seg¬ 
ments of moie libs must be i emoved latci The establishment of diainage and 
tlioiaeoplasty can be done concomitantly, but in the older mentioned This 
surgeiy should not be put off too long, foi piogiessne thickening of the 
parietal pleuia may eventually prevent good collapse 

Peisistent an spaces with bionchopleuial fistulas in the lowoi chest that 
have leceived some tieatment are usually not laige. If they aie to be elimi 
nated, intubation with suction is necessaiy The diaphiagiii should be ele 
vated as high as possible by pneumoperitoneum Sometunes a veiy small space 
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still remains, usually because of leakage about the tube. It may then be wise 
to divide the tube at skin leA^el and resort to open drainage. The residual 
pleural cavity is allowed to contract with repeated changes to smaller drain¬ 
age tubes. Ultimate obliteration of space and fistula may occur. When this 
does not happen, the resection of more lung to include the fistula may be neces¬ 
sary after several months have elapsed. 

SUJniARY 

A persistent pleural space following partial resection o£ the lung may 
lead to empyema and bronchopleural fistula sometimes long after reseetive 
surgery. Prompt care must be given to obliterate the space soon after resec¬ 
tion. Infection is usually absent at this time. The visceral pleura is pliable, 
and transected lung surfaces expand more readily. When this golden period 
of management is allowed to slip by and a pleural space i)e)“msts, various 
processes hinder a satisfactory outcome. The depleuralized sui’face of lung 
and the visceral pleura become leathery and thick, impeding inflation of the 
lung remnant. Fistulous openings become more rigid, and they may not close 
when brought against another surface. Persistent air leaks maintain neutral 
01 ' positive intrapleural pressures and hinder pulmonary expansion further. 
The hazard of infection increases daily. 

Presented here are methods of management of the postoperative pleural 
space with illustrative ease reports. Although therapeutic generalities are 
discussed, each patient must be treated according to his own local and general 
problems. 
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FORERIN BODY BRONCHIECTASIS 
J iCK C Cooi Hi, JI U ,* Rom bt L Ginsbi rg, 'M D ,•* Arthur 'M Olspn, 51 D ,** 
A\u John 5V Kirklin, 51 D ®“* 

RoCHFSrj R, 5Iin\i 

D uring <i leccnt iomcw of the cMiciiLiice of the 5Ia}o CImio iii htonchico 
tabis, It appealed that bioiiehul disease sceoiidaii to £oici}>i\ bodies mam 
fests ceitaiii diffoient clinical and piognostie chaiaiteiisties It Mas Mith this 
obseivatioii in mind that scpaiate coiisideiation was gucii to foieigii bodj btoii- 
ehicotasis 

MirFBIVLS VM) MCTIIODS 

This studj consists of 14 easis in Mliieh bioiichiectasis appaiciitlv was 
caused by an obstiuction of the bioiichus and Mas secoiidaij to a foioigii bodt 
The 14 patients mcio ticated suigicallj fioin 1140 thiough 1D53 Bionchoscopic, 
bionohogiapliio, and pathologic studies wcie made in each case FoIIom up 
studies Mere possible m all 14 casts Piilmonaij resection Mas caiiied out in 
all instances Mitli the aid of general ciidotiachcal anesthesia, and the pioeeditie 
consisted of a posteiolateial thoiacotomy incision and iiidnidiial ligation of 
hilai stiTictiues Pathologic esainiiiation coiifiinied the clinical niipiessioii of 
bionoliieetasis in all eases, and in each case iciealcd the foieign bodj 

CLINIC U. FEITURES 

The distiibution of these 14 patients according to age is given in Table I 
5[ost of them Meie in the youngei age gioiips Theie weie b males and fa lemales 


Tablf I Incidlnce Accoiu>ino to \qe 14 Patients ^\iio Had Pokeion Bod\ 
Bronchiectasis 


\GL (AIAUS) 

1 I ATI! NTS (no ) 

0 9 

1 

10 19 

o 

20 29 

5 

30 39 

1 

40 49 

o 


Ill the senes All the patients maiiitcbtecl cluonic pioductwe coiij^li The 
occuiieiice of hemophsis (8 patients oi 17 pel eent) Mas in aceoulaiiee Mitli 
the findings of otlicis icpoiting cases of loicign body bioncliieetasis ’ ■' The 
inteival aftei aspii ition ol the loieign bode ranged between si\ inontlis and 

The Mayo Foun lation Kocheatcr Minnesoti H ^ p^it of the GriOuate School of the 
University of Minnesoti 
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twenty years. The exact distribution of this interval is given in Table II. The 
location of the foreign body was equally divided between the two sides, there 
being seven foreign bodies on each side. 


Table 11. Inteuval Between Aspieatjon oe Eoueign Bodv and Oi'Eiiation: 1-1 Patient.s 


INTERVAL (YEARS) 

1 

I> ATI ENTS (NO.) 

0-5 


3 

(5-10 


1 

11-15 


6 

16-20 


3 

iVot known 


1 


The lower lobe of the lung was involved in each case. No isolated instance 
of involvement of the upper lobe was found; howev’^er, in 5 eases involve¬ 
ment of the upper lobe accompanied involvement of other lobes of the lung, thus 
requiring pneumonectomy. In the remaining eases, unilatei’al unilobar resec¬ 
tion was done in 8 of them, and unilateral multilobar resection (right middle 
and lower lobes) was done in 1, 


RESULTS 

There were no surgical deaths. An excellent result was obtained in every 
case. We regard an ‘'excellent result” as one in which the patient has little 
if any residual cough and expectoration, and has obtained full functional 
rehabilitation. 

Results of our studj^ are in striking contrast witli the clinical results ob¬ 
tained for 221 patients with primary bronchiectasis treated surgically at the 
Mayo Clinic during the same period; in that series an excellent result was ob¬ 
tained for 75 per cent of tlie patients.- Of the IS patients in the group with 
primary bronchiectasis who underwent pneumonectomy, 14 (78 per cent) ob¬ 
tained a good result. This Iiigher incidence of excellent re.sults obtained for 
those who underwent pneumonectom.y for primary bronchiectasis may pai’tially 
explain why surgery produced such an excellent result for our patients with 
foreign-body bronchiectasis, since 5 of the 14 in this group underwent pneu¬ 
monectomy. Furthermore, at operation it was noted tliat 6 of the patients with 
foreign-body bronchiectasis had marked contraction of the affected lobes. It is 
probable that the patients in this group already had made a physiologic adjust¬ 
ment to the loss of pulmonary tissue, and this may be another explanation of 
the good results obtained from surgery. 

The postoperative complications were five instances of empyema and of 
hemothorax requiring two thoracenteses. It is interesting and evident that a 
good result may be obtained despite the occurrence of postoperative empyema. 

There was no instance of postoperative atelectasis in these 14 cases, nor 
was there any retention of seci-elions sufficient to retiuire bronchoscopy. Hero, 
again, results were in striking contrast to those in the scries of piimaiy bion 
chiectasis- in which 25.8 per cent of the patients required bronchoscopy lor 
retention of secretions. 
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CO^tLUS^O^b 

TIic piognoMb aftei i)ulmonjiv lesection ioi loieign bodj bionclueetdsis is 
{■ood An e\(.e)lont clinical lesnlt nas obtained loi all patients with ioieign- 
body bioncliicctasis tieated suigieally, o'- opposed to eseellent lesiilts obtained 
loi only 75 pel cent ot patients nlio had piimaii bionchiectasis Postopeiatne 
atelectasis, occmring in J 5 8 pci cent ol patients nlio had pnmaii bionchiectasis, 
did not appear in 14 c\ho had loieign-bod\ bionchiectasis eontiast, the 
incidence of postopeiatne einpcciiia among those 11110 had loieign body bion 
chieetasis was much nioie (30 pel cent) than it was among those who had piimaiy 
bionchiectasis (6 per cent) We attiibute this diffeience to the incieaso in 
obstiuotnc pneumonitis in the picsenec of foicign body bionchiectasis 

On the basis of the foicgoiiig data, it is appaieiit that the piognosis attci 
suigieal lesectioii toi toieignbodi bioiuhicctasis is iinicli bettei than it is attor 
snigical lesection ioi the piimari loim ol the disease Tins would seem to 
indicate that theie aie basic pathogenetic and pliisiologic, if not pathologic, 
ditfeiences inlieient 111 toieign bod\ hioiuliieetasis that distinguish it fiom 
piiiiiaij bionchiectasis llaily bionehoscopie aspiiation of foieign bodies is 
impoitaiit in the pioplnlasts of loieign bod\ bioncliieotasis,’ * wheieas smgical 
lescction would appeal to be the tieatiiient of choice when the condition has 
aheadv dec eloped 

nrrrai ncfs 
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EXPERIMENTAL REPLAGE3IENT OE THE SUPERIOR VENA CAVA 
WITH HOMOLOGOUS ARTERIES, AND REPORT OP A CASE 
AVITH MALIGNANT OBSTRUCTION REPLACED AAHTH A 
HETEROLOGOUS ARTERY 

Frank S, Ashburn, M.D., AVilliam H. Sewell, Lieutenant (AIC) USNIR, and 
Charles E. Huggins, Lieutenant (MC) USNR 
AA^ashington, D. C., and Betiiesda, AId. 

INTRODUCTION 

A cute obstruction of the superior vena cava, though iufrecpiently en¬ 
countered, is of clinical importance because of the discomfort and m- 
capacitating effects on the patient. In a review of the subject,^ malignancy 
was reported to have caused 44 per cent of the obstructions; aortic aneurysm, 
32 per cent; and undetermined origin, believed to be a form of mediastinitis, 
12 per cent. In another series,- signs and symptoms of superior caval obstruc¬ 
tion were present on admission in 2.2 per cent of patients with iiroved car¬ 
cinoma of the lung. 

There have been occasional reports of surgical attempts to relieve the ob- 
struetion.^'“ A patient with superior caval obstruction caused by a malignancy 
may be treated by external radiation. Relief of the symptoms is often ob¬ 
tained. If surgical exploration is indicated for possible palliative resection of 
the lung, and if technical factors are favorable for resection and grafting, 
removal of the involved vessel and replacement with a graft now appears to 
be the procedure of choice. Immediate relief of .symptoms can be expected 
and there is the likelihood of making the patient more comfortable for a 
significantly larger percentage of his life expectancjL 

Good results have been reported with autogenous femoral vein grafts 
used for the replacement of the superior cava.®'® Both viable and nonviable 
homologous arteries have also been used for this purpose with success.'"” 
Homografts seem to be more likely to succeed "ivhen preserved by the freeze¬ 
drying process than when in the Auable state, judging from small differences 
obsex'ved betAveen the results of series of freeze-dried and comparable fresh 
homografts in the abdominal aortas of dogs.^®- 

Autogenous vein is probably the material of choice for caxml replacement. 
The additional incision recpiired is a disadvantage. Exten.sive studies have not 
been done to determine the relatHe incidence of thromboses in autogenous 
A^ein grafts Amrsus homologous arteries implanted in Amins. IIoAvever, a greater 

From Thoracic Surgical Service. Doctors Hospital, AVa.sIiington, D. C., and Naval Aledical 
Re.search Institute, National Naval Medical Center. Bethesda. Md. 

The opinions or assertions contained herein are the private ones 
are not to be construed as official or reflecting the views of the Navy Department o 
Naval service at large. 
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tendency towaid thioinbosis lias been demonstiatcd in tiwve dued homologous 
aiteiRS than in fiet aiitogumns caiotid gia£ts in the dog ‘ This is a icgioii 
wheic the tendency to thioinhosis m honiogi.ifts is high because ot the small 
sue of the \tsscl'- Jliiiiiiial foiiign tissue leaction may cause .m occlusue 
thiomhus 111 a small \essel oi one in nhich flow is slow 

Fieeae clued aiteiial heteiogiafts otfei aiiothu possible solution to the 
pioblcm They ha\e been found to be moie successful than fiesb lieteiogiafts 
when used iii the alKlimimal aoitas of dogs A ficeae dued lessel eontaiiis less 
soluble piotem mateual than a fiesli uncs.tiactcd one ” “ feueeessful lesults 
using fiee/e dued bovine and pen cine heteiogiatts in a shoit sciies of human 
eases weie lepoited by Ilufiiagcl 

While some woicii plastic inostlicscs aie satistactoic in huge and iiiediuiu 
sized aiteues, c\peumental woik in animals has made them appeal e%Ueiiiely 
unpioinisnig foi the supeiioi vena c<i\a ' Though shunts aie useful, and piob 
ablj essential m some locations to nianitaiii cii ciilatioii dm mg the leseetion 
and giaftmg of ceitaiii segments of the aoita,’ theie appe us to he no indica 
tiou foi the use of a shunt aiound a icin which is laigely oi completel} oh 
sti noted at the time of o\ploration 

Animal o\pci imeiits have been undci taken to stndl the use of fiee/e- 
diicd homologous atteual grafts in the supcuoi ien.i caia 

MinHOD 

The descending thoiaeic aoita was leiiioicd iioin -15- to GO pound dogs, 
using steiilc autopsy toehniquc This tissue was fiee/e clued aceoidnig to the 
method of Pate 

Right thoiacotomy iisiiig aseptic tcchiiiquo was peifoimed on clogs nuclei 
intiaveiious Nembutal anesthesia and 100 per cent enclotiaelienl oxygen midei 
intoiinitteiit positive picssiiie The siipeuoi lena eaca was occlnclcd at its ougiii 
with a lubber shod Rankin hemostat and the piessme on the vessel eontiolled 
bj a lubbei hand around the handle A V shaped poitioii of the light siipeiioi 
aspect of the light auricle, iieai the base ot the amioulai appendage, was oc 
eluded with Potts’ clamps Aftci the caia was resected, the giaft was sntmed 
flrst to the upper end of the caia using two stay sutmos, coniicttecl hv contimioiis 
eiertiiig mattiess sutmes of No 5 0 silk The giaft was then sutuicd to the 
amide in like niannei, with eaicfiil eieision of the aiiricnlai edges No anti 
coagulants oi antibiotics woie used postopeiatiioly 

RESULTS 

Theie weie no eailj postopciatne deaths Of the G clogs operated on, 1 
died after fom weeks At autopsy, the plemal canty was touncl to he laigelj 
filled with fluid, and the giaft was completely tluonihosed The othei 5 dogs 
weie saeufleed aftei 1, liA, 4, 5, and 5 months In all cases, each giaft nas the 
same size as w hen implanted, with no evidence of excessii e fihi osis ai ound the 
outside 01 mmal thiomhus on the inside The sutme line hetw een the snpeum 
vena cava and the giatt was well endotheluecl and without stuetme ITow- 
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ever, the anastomosis between the graft and the right auricle was found to con¬ 
tain a thin diaphragmlike stricture in all eases. The opening Avas only ouc- 
third to one-fourth the original diameter of the graft. The stricture appeared 
to have formed in the auricle immediately adjacent to the anastomosis and may 
have been the result ot an organized thromlms. 

Cephalad venous pressure Avas elevated in all eases after approximately 
tAvo Aveeks, and significant pleural etfusion Avas found at autopsy in 2 of the 
dogs. Microscopic examination ot the grafts shoAved good endothelization, 
loss of the muscular elements Avith persistence of the elastic fibers, and in¬ 
vasion by host fibroblasts. This picture Avas similar to that obtained Avith 
freeze-dried homografts in the abdominal aoi-ta. 



Fig 1 —Specimen from a dog sacrificed fi\e months after replacement of superioi 
cava by a fieeze-dried aortic liomogiaft The condition of tne graft and uppei siitme line 
IS good, but theie is se\ere stricture at the graft to light auricular anastomosis 


DISCUSSION 

These results AA^ould seem to suggest that a graft to cava anastomosis is 
likely to succeed, Avhereas one betAveen the graft and the auricle is likely to 
stricture. These strictures at the auricular anastomosis are similar to those 
noted in some cases by Cterbode^” and others" after transplantation of vessels 
to the right auricle. 

The first successful treatment of superior Amna eaval occlusion by arterial 
graft Avas reported by Holman and Steinberg in 1954.® In their ease, occlusion 
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was caused by nonspecific mediastinitis and the occlusive process involved the 
entire vena cava save a small segment at cither extremity, thei’cby enabling 
them to use a freeze-dried arterial hoiiiograft in graft to cava anastomosis 
rather than graft to auricle. Their patient lias done well since operation and 
certainly (to use the words of Holman and Steinberg") “the desperate jilight 
of patients with .such an obstruction warrants continued trial of this proce¬ 
dure.” 

C.\SE REPORT 

A case is reported illustrating the possibility of obtaining a successful result with a 
freeze-dried porcino aortic gr.ift, when surgical replacement is desired and alternative 
procedures are not fcasihle for one reason or another. 

This is the case of a GO-ycar-old white man, who •was admitted to Poctors Hospital 
on ilarcli 2G, 1055, complaining of swelling of the face, neck, arms, and chest, for one 
week. He stated tliat while on his yacht about a week prior to his admission, March 17, 
1955, he awoke one morning to Jlnd las face markedly swollen and blue, as well as the arms 
and upper chest. The veins and venous pattern on the elitst were very prominent and the 
veins in the neck stood out like large cords. 



P’lff. 2.—Preoperative chest x-rays showing lesion m the right hiluin and the cyst noted 
prcMOUsly in the right upper lohe. 

For several years he had couiiilained of severe cough. However, tliis had become 
more severe within the last six months, and at times ho ivas seized witli severe paroxisms 
lasting several minutes. He had never couglied up blood and ivas not hoarse, and he had 
no difficulty in sivallowing. In the past, he had been seen repeatedly by his internist be¬ 
cause of a chronic peptic ulcer, and chest x-rays made in 1950 and 1951, both showed a 
large cyst in the right upper lobe. He ivas acquainted with this fact but had had no treat¬ 
ment for this condition. His family history was nonrevealing. 
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At the time of his admission, he was an obese white man whoso face and whole 
upper body weie cyanotic with many prominent veins and venules piesent over the chest 
and back. The venous piessure was markedly elevated in the upper extremities, as evi¬ 
denced by the veins in the hand which remained completelj'- engoiged even when the 
hands were elevated high above the head. He was most uncomfortable and felt the en¬ 
gorgement of his face and head very keenly, and was also somewhat dj spneic. The heart 
was slightly enlarged to the left and there an as a systolic apical murmur. The percussion 
note over the right upper lobe was somewhat more resonant than normal; however, no 
dullness could be elicited. Moist rales were heard in the right lower chest. No breath 
sounds were heard in the right apex. There was no palpable adenopathy and examination 
of neither the abdomen nor the remainder of the body was remarkable. The blood pres¬ 
sure was 164/80, pulse, 82, and the temperature was 98.6“ P. 

An x-ray examination of the chest, including fluoroscopy and laminographic studies, 
showed the presence of a large soft tissue mass apparently arising in the mediastinum 
near the tracheal bifurcation and projecting into the upper half of the right lower lobe, 
partial collapse of the right lung, and moderately severe tortuosity of the aorta with 
calcification of the arch. The mass projecting into the right lower lobe was nonpulsatile 
on fluoroscopj'. Barium swallow revealed localized posterior displacement of the esophagus 
on the posterior aspect of the heart consistent with enlargement of the left atrium. 



Pig. 3 —Postoperative fllni, with outline of graft indicated. 

Laminographic studies contributed little other information except to indicate that there 
was widening of the right main stem bronchus probably indicating pressure by the mass on 
the bronchus from behind. There was no evidence suggesting dilatation of the aorta. 

On March 19, 1955, he was bronchoscoped, and it was noted that the trachea was 
fixed in the midline and the cariiia was greatly widened. Both main-stem bronchi were 
decreased in caliber; however, no gross tumor was visualized. Bronchial washings were 
made and sent to the laboratory for study. These washings failed to reveal contributory 
findings. 

A diagnosis was made of bronchogenic carcinoma, probably not resectable, plus a com¬ 
plete block of the superior vena cava. On March 23, 1955, a right exploratory thoracotomy 
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was (lone and a large mass was found m the riglit hiluni, completolj occluding tlic siijicrior 
vena cava and surrounding both bronchi JProzen sections made from tlic lesion revealed 
anaplastic carcinoma, probably of bronchogenic origin 

The superior vena cava was involved in this mass almost througliout the extent of 
tho vessel At its origin, from the iiiDOimniito veins, it was possible to dissect a segment 
of unmvolvcd cava for about 15 cm This gave an adequate cuff for anastomosis at this 
site Tho growth involved tho site of entrance of tho azygos vein into the superior vena 
cava as well as the pericardium at tho point of entrance of the superior vena cava into 
tho pericardial sac Fortunately, however, when tho pericardium was ojened it was possible 
to dis'sect a cuff of vena cava approximately 1 cm in length, which proved adequate for 
anastomosis of tho proxim il end of the graft Noncnishing clamps were used to o(.rludc tho 
cava at both extrcmiti(,s and tho vc'»sel w is divided first at its upper extremity A suitable 
length of reconstituted freeze dried porcine aorta was selected for use as tho grift to bridge 
tho defect in the cava, and tho anastomosis was accomplished bj continuous everting mattress 
suture of No 5 0 silk Tlic intraporicardial portion of tho cava was divided and the 
remaining end of tho graft was sutured to the auricular stump of th^ superior vena cava 
bv tho same technique No clamp was applied to the graft at anv time The remaining 
cut ends of the involved cava did not bltcd and tho luvoUement was so extensive that 
no attempt at resection of tho mass or vena cava was attempted The upp(,rmost clamp 
was removed first and ns tho graft filled with blood, the air it contained was displaced 
through tho suture lines, however, vtrj little blood leaked through and this soon ccastd 
completely 

When the lower occluding clamp was removed, adequate blood fiow occurred through the 
graft and tho anesthetist reported prompt improvement m the color of the piticnt^s face and 
neck Tho following day, the patient’s edema and abnormal venous pattern over the upper 
body had disappeared Ifo left tlic hospital on the seventh postopci itive day and has been 
undergoing roentgen tficrapy since his discharge ITc has returned to work, and has had no 
recurrence of swelling of the face and upper body seven montlts iftcr opcrition 

SUMAl \n\ VNP CONCLUblONS 

1 Supmioi ^ena ta\a obstiuction caused by malignant lutasiou is mhe 
quent but constitutes a definite clmical pioblem 

2 Eadiation theiajiy is often satisfactoiy and is ad\ised if palliative leset 
tion lb not desii ed 

3 Freeze dried aiteiial homografts wcie used e\peiimeutally for replace 
nieiit of the supeiioi vena cava in G dogs The cava to giaft anastomosis and 
the graft itself weie successful, but the graft to right auiiculai anastomosis 
lesulted m stiietuie 

4 A case is icpoited in Mliieh a freeze dired poicine aortic giaft was 
sutured to stumps of the siipeuox leiia cava at oath end uitli a satisfactory 
1 esidt 

5 Eeseetioii and leplaccnient by a graft, of a car a obstinoted by malignant 
disease is adiised if exploiatiou is indicated foi possible leseetion of the iiiimait 
tumoi, and the giaft can be sutured to vein at each end 

6 Indications foi grafting are less definite when exploiation is not othei 
wise indicated, or when tlie graft can he sutured onh to the light auiicle 
proxinially 

7 Jlaterials Minch cm he used with success for leplacomcnt of the lesected 
cava, in descending order of piefcience, aie autogenous feiiioial vein, freeze 
dried homologous aiteiy, and freeze diied iioieiiie aoita 
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POSTOPERATIVD COilPLIC VTIONfe unPATiiD TO PBEOPERATIVD 
ANTIJIICROBIAL THERAPY AND OTHER FACTORS 

A 111 \ii H ot 600 CoNstctjrnj Pulmon ir\ REsnciioNS roit Tvoeroulosis* 

J D IluT/, illD, J J Qui\t.\N, MD, ^^D V D ScnvriNCB, 31D 
fO'.iMur NowScotu 

O VER tlie years since l‘)4A 1111011 the first piilinoini’y losectioii for tubereii 
losis lias (lone at the Noia Scotw Sanatorium, it has been intriguing to 
speculate upon the uason iilij oiu patiriit iioiild (iicouiitei a postopeiatiie 
toinplitafioii iihetcas some othei, appaicath similar person, would not Re 
eentlj theie liaie btcn a lew scientihe papers piesentrd suggesting that pio 
longed picopeiatiic antiiuiciobial theiapi has led to (he development of diug 
resistance 111 inanj of the p.itirnts iiul so is lesponsiblc for ensiimg coinplioa 
tions 

In an attempt to evaluate the situitum is it exists at the Nova Scotia 
banatoiium, it was dctcimmed to anahro ib< lust bOO piilmoiiaiy lesections 
foi tubeieulosis done tlaio between Nov 14 l‘f(4 md JIaieb 25, 1955 

As postopeiativo eompluations of lesectioii (he following vveie accepted 
(a) cailv bioiicboplcuial fistula (vvitliin two wtAs ot opeiatioiv), (b) late 
broiicliopleiual fisluli (c) cmpiciiu, (d) spiead lU disease (eontialateial and 
iiomolateial), (e) pevsistiiig pleuial space, (t) massive wound disiuption (2 
cases only without ibove mentioned additional compbrations), and (g) early 
death (2 eases onlv esusi unknown) 

Table I indie ites tin agi gioups and sex ot ail patients and also of those 
who developed any oi (hi (omidications just mentioned It had pieviouslj been 
noted, but not confiimid st iiistieallj, that complieations vveie much moie 


Iviiti: I Aar Qioms vxi 'r\ ot An Patuvts Itverrooisc Kssrciiow Wmi Age, Sex, 
vMi pnicLNTvd 01 i-v 11 SIX (,foor DfcvtLOPixr Postombviive CoMpiiomoss 


CASES WITH POSTOPERATIVE COMPEICVTIONS 
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28 

30 

19 
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30 

22 

22 

40 

25 

27 

•12 

7 

15 

34 

31 

7 

04 

1 

12 

8 

42 

0 
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34 

60 

10 

150 

25 


n ounEuat or years 10 monti s 

Paper presente 1 at the Annual AleetinE ot the Cunaillnn rnhereulorls Vssociat.on Win 
n^Peg- June. 7 to 11 19^5 

Received for public ition July 11 lO&a . 
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likely to occur in men than women; in this series they occurred in 34 per cent of 
the men as compared to 19 per cent of the Avomen, in spite of the fact that 
almost 50 per cent more women than men underwent pulmonary resection. 
Although the numbers are rather small, the tables would also seem to suggest 
that men in the older age groups, 40 to 49 years and more especially 50 to 59 
years, Avere more prone to complications. "When the sexes Avere combined, 
the complication rate Avas roughly 25 per cent, increasing over the age of 40 
years, the increase being due to the male patients alone. 

The next problem Avas to attempt to determine if the extent or magnitude 
of the operation influenced the preponderance of complications postoperatively. 

Table II Avould suggest that the greater the amount of lung tissue re¬ 
moved, the greater the chances of developing postoperative complications, there 
being 43 per cent complications among the pneumonectomy group, but only 
3 per cent among those undergoing Avedge resections. The lobectomies repre¬ 
sented the average for all operations, 25 per cent. In some of the groups the 
numbers of operations done Avere too small to be significant. 


T.1VBLE II. The Type op Operation Perforaied Related to Postoper.vtive Co-mplications 



noaiber 

ALL COJI- 
PLICATIONS 

EARLY 

FISTULA 

LATE 

FISTULA 

E.AIPV- 

EMA 

SPREAD 

OF 

DISEASE 

STUB¬ 

BORN 

SPACES 

TYPE OP OPERATION 

DONE 

1 XO. 1 

% 

NUJIBER 

NU.AIBER 

NU.AIBEI! 

NU-AIBER 

NU.AIBER 

Pneumonectomy 

92 


43 

24 

2 

23 

17 

24 

Lobectomy 

280 

09 

25 

! 41 

0 

38 

24 

44 

Bilobectomy 

20 

6 

30 

, 1 

1 

3 

2 
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Lobe + segment 

39 

16 

41 

1 14 
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12 

3 

11 

Lobe + wedge 

10 

1 

10 

0 

0 

0 

0 

1 

Lobe + segment + 
Avedge 

2 

1 

50 

1 

0 

1 

0 

1 

Segmental resection 

48 

11 

23 

6 

0 

4 

2 

8 

Segment + Avedge 

3 

1 

33 

1 

0 

1 

0 

0 

Multiple AA-edge 

9 



0 

0 

0 

2 

0 

Wedge only 

97 



1 

0 

2 

1 

1 

All eases 

600 



89 

3 

84 

51 

93 


Complications, of course, Avere frequently multiple, broncliopleural fistula 
often being folloAved by or preceded by empyema. 

The presence of bronchial tuberculosis Avould be expected to influence the 
development of postoperative complications, especially bronchopleural fistula. 
As a matter of policy, no patient Avas passed for surgery before bronchoscopy 
had been carried out. If a definite active endobronchial tuberculosis Avas dis¬ 
covered, antimicrobial therapy Avas continued until subsequent bronchoscopic 
examination revealed that the process had healed. Unfortunately, a mucosal 
lesion may heal verj’- much more quickly than the submucosal disease, but there 
is no Avay to determine the state of the submucosal tissues. During the later 
years of resectional surgery here, the surgeon made special notes and the path¬ 
ologist reported especially upon the state of the resected bronchial tree where 
a major bronchus Avas severed. 

Table III presents information about the relationship of tuberculous tra¬ 
cheobronchitis and postoperative complications. Thirty-tAVo patients Avho had 
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e\idoiicc of giosb tubciculoiui tiatlitobionclutis at the tune of opeiation, aud 
33 peiboiis -Hitli mieioscopic c\idciice of active endobionehial disease, and 44 
wbo bad shoun a piioi lesion bionchosLopically, did not develop aiij post 
opeiative complications Hvidcntly, theiefoic, tins pieopeiativo condition need 
not necessaiily lead to postopeiatne disastei, especially it le expansion of le 
mauling lung tissue may be bi ought about pioinptlv to coier the stump and if 
suigoiy IS done uiidei adequate antmnciobial coiei It is of inteiest, however, 
and shown by this table that of the patients icportcd as having gioss or niicio 
scopic endobiQiiclual disease at the tunc of operation, the postopeiative com 
plication late was definitely and appicciably ineieased, 36 to 39 per cent of 
cases, whereas when no endobionehial disease was seen, the complication rate 
was a suiprismgly unifoim aieiage ot 26 and 24 pel cent 


TaBIE III EEIiATIOVSIIIP 01 101101001003 IriCIlEOBRONCIIinS TO THE Deveoopiiest 
OF PosTOPEit iTni Complications’! 
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MJ\I 

BFR 

uoNn 

NO COM 
ILICV 
TIONS 
^U^^BER 

M I COM 

1 1 ICATIOVS 

NO 1 <-„ 

EApry 

H&TOLA 




STUB 

BORV 

SPACE 

a 

Gross 

oO 

32 

18 

JO 

11 

0 

14 

3 

13 

^onc soon 

299 

220 

79 

20 

47 

o 

30 

25 

53 

Not st'itcd 

251 

103 

o3 


28 

1 

31 

23 

28 

b 

Mtcroseo[Jia 

None 

34 

33 

21 

30 

15 

0 

15 

5 

12 

microscop]C'ill> 
Bound cell mfiltr'i 

214 

102 

32 

24 

31 

3 

28 

13 

34 

tion 

oS 

44 

14 

24 

31 

0 

8 

3 

11 

Not stated 

274 

211 

03 


32 
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31 

36 

c 
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54 

44 

10 

19 

G 

0 

8 

2 

6 

None seen 

530 

399 

131 

25 

T9 

2 

70 

43 

81 

Not stated 

10 

7 

9 


4 

1 

6 

6 

6 


•Sections n b, and c are not self excluding but show a consi lerable overlap 


AVhen endobionchiTl disease had been noted bionchoscopicallj, the compli 
cation rate was below average (19 pci cent) which inai well be attiibuted to the 
pioloiiged antmnciobial tieatment gnen foi tins condition pieopeiatuely 

Aiitiimerobial tUeiapy was first administered at the Sanatoiram in the 
foim of streptomycin in Pelnuaiy, 1947, followed by PAS in August, 1949, 
tliiosemicaibazonc in Septoraboi, 1950, aud isoniazid in June, 1952 Duiing the 
eaily yeais, of necessity, a numbei of oui patients did not leceive any anti 
microbial theiapy pie oi postopeiativcly This was followed by a period when 
patients leceived streptomycin alone As soon as a second diug became avail 
able, howeiei, it was oiii policy to admiiiistoi at least two of the aiailable 
drugs in combination at all times even to the point of using thiosemiearbazone 
moie ficiiuently than its tlieiapeutic woith by^ itself might have waiianted 
As was to bo expected, 52 per cent of all patients wbo did not icceive pie 
opeiatne iliemotbeijpy developed one oi moic oi the iiiajoi (.omplieations in 
the postopeiative peiiod Tins is shown m Table lA'" jIs was anticipated, also, 










628 


iriLTZ, QUINLAN, AND SCIIAFPNEK 


J. Thoracic Surg. 
May, 1956 


those patients who were able to receive onlj’’ one drug preoperatively developed 
fewer complications if the drug was administered for less than three months 
preoperatively than if given for longer periods, 26 per cent as compared to 50 
to 55 per cent. In other words, those patients who received only small quan¬ 
tities of a single drug preoperatively were less likely to develop resistance and 
so were able to benefit from it for longer periods of time postoperatively. Most 
of the patients who received a single drug for less than three months did so for 
approximately three to seven days only. Many of these patients, too, Avere in a 
more nearlj^ arrested stage of the disease at the time of operation, being early 
cases in this resection series. They had reached the so-called "target point’’ 
without benefit of antimicrobial therapy. 


Table IV. Cojiplioations Kelateb to the Au.mixistkatiox of No PjtEOPEKATiVE 

ANTIillCROBIAL DRUCS OR A SINGLE DRUG FOR VARIOUS PERIODS OF PREOPERATIVE 

Ti.me 



XO PRE¬ 
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DRUG 

OXLY 

PREOPERATIVELY 




TIVE 
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XO. 1 % 
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11 

52 

9 26 

6 

55 

1 

50 

1 
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0 

— 

0 ~ 

17 

35 

No complica¬ 
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10 

48 

25 74 

5 

45 

1 

50 

0 

_ 

1 

100 

0 — 

32 

65 

Total 

21 

100 

34 100 

11 

100 

2 

100 

1 

100 

1 

100 

0 — 

49 

100 


Table V shows the number and the percentage of patients who developed 
complications depending upon the type of operation performed and the duration 
of antimicrobial therapy. The figures for pneumonectomies, lobectomies, and 
Avedge resections Avould seem to be large enough to be significant. 

As Avas to be expected, Avhere no preoperative chemotherapy aaus given, tlie 
complication rate Avas high, approximately 53 per cent. It is to be remarked, 
hoAvever, that most of these patients did not have postoperative antimicrobial 
therapy either. 

As therapy Avith a single drug is no longer necessary or favored, it seemed 
^ Avell to present the picture after the exclusion of the cases Avhich did not re¬ 
ceive any antimicrobial drugs or received only one. This is shoAvn in Table 
VI as it applies to all types of operations. 

Actually, there is very little Amriation in the percentage of patients de¬ 
veloping postoperative complications regai’dless of the shortness or length of 
time of the preoperative medication. There Avas a tendency, liOAvever, for those 
patients avIio received antimicrobial treatment for less than three months to de¬ 
velop more complications than those receiving the drugs from three months 
to over a year and a half (28 per cent as compared to 19 to 21 per cent). One 
can only assume that the active component of the disease Avas not sufficiently 
controlled in these cases preoperatively. 

the same token, those that received combined therapy preoperatively 
for a period of over tAVo years had a higher complication rate, also 28 per cent. 
It is to be remembered, hoAveAmr, that they had received combined therapy for 
this prolonged period because the seriousness and extent of the disease Avarranted 
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it. In most cases, surgery would not have been either reasonable or ijossible 
without this extensive period of preoperativc preparation. Tlie total complica¬ 
tion rate was 23 per cent for all patients receiving two or more drugs pre- 
operatively. 


Table VI. Gojibined Therapy Onla’. CoitPLicATioNS Belated to Duration op Ti-me op 

Antimicrobial Therapy Preoperatively 



<3 

MOS. 

3-tj 

MOXTIIS 

(j- VA 
MONTHS 

12-18 

MONTHS 

li/>-2 

YEARS 

2 YKAKS 
+ 

TOTAL 

All cases on combined 
therapy 

128 

85 

162 

103 

31 

21 

530 

Number with complica¬ 
tions 

36 

16 

33 

25 

6 

6 

122 

Per cent with complica¬ 
tions 

28 

19 

20 

24 

19 

28 

23 


As deaths reflect to some extent the complication rate, it may be of interest 
to show (Table VII) that the pneumoneetom}^ operations carried the highest 
operative and over-all mortality, 8.7 per cent and 20 per cent, respectively. The 
operative mortality for all eases, 1944 to 1955, was 4.3 per cent within sixty 
days of operation and 7.8 per cent for all causes from three months to eleven 
years postoperatively. 


Table VII. Deaths, Any Cause, According to Type op Operation 


TYPE OF OPERATION 

NUMBER 

OPERATIVE 
■MORTALITY 
(AVITHIN 60 DAYS) 

PRESENT 

STATUS 

KNOW.N 

OVER-ALL MORTAL¬ 
ITY TO APRIL 

30, 1955 

Pneumonectomy 

92 

8 or 8.7% 

91 

18 or 20% 

Lobectomy 

280 

15 or 5.4% 

273 

24 or 8.8% 

Bilobectomy 

20 

1 

20 

1 

Lobectomy -h segment 

39 

1 

36 

1 

Segmentectomy 

48 

1 

47 

2 

Wedge 

97 

0 

96 

0 

Other 

24 

0 

24 

0 

All cases 

600 

26 or 4.3% 

587 

46 or 7.8% 


DISCUSSION 

It is generally accepted that, where feasible, a pulmonary resection is the 
operation of choice for tuberculosis of the lung. In theory, at least, it removes 
the gross tuberculous lesion from the body. Unfortunately, unsuspected or 
microscopic areas of tuberculous disease are frequently left behind either within 
the lung parenchyma or in the bronchial Avails. 

It is suggested by the present analysis that men do not respond to this form 
of surgery as Avell as Avomen and that, after the age of 40 years, the response 
becomes less favorable AAUth the passage of time. Of the 15 men over the age 
of 40 years Avho had evidence of gross or microscopic endobronchial disease and 
undenvent a pneumonectomy, or a lobectomy, or a lobectomy in combination 
Avith a more minor operation, 66 per cent developed complications. Of the re¬ 
maining 49 men over 40 years of age Avithout gross or microscopic endobronchial 
disease, 45 per cent developed complications compared to an average of 25 per 
cent for the Avhole group of resection cases. (Of the last 400 cases of this 
series, the complication rate Avas only 19.2 per cent, all having received com- 
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blued thoiapj ) The picscnce ot jncMous oi coneuiiciit tubeieulous eiidobion- 
clu.ll disease, kiioiMi oi iiiisuspeetcd, incieascs the ha/iid o£ the opeiatioii, 
esiiecially it the bioiiehial lesion omus at the site ot icscctioii It h.is beeu 
shown pieviously th.it ulceiativc lesions of the bioneluis will heal lapidlj, otten 
within one to three iiionths,* following the initiation of antnniciobial theiapy 
Unfoituiiately, we lack similai knowledge legaidiiig the late of healing of sub 
mucosal tuberculous lesions wliieli still piesent an opoiative hazaid 

It would seem from the figures picseritcd that there is some merit in tij 
mg to bring the patient to the so c.illed “target point” before iindeitaknig 
suigery if by “target point” we mai mdieatc lelatise stability of the lesion 
obtained by tieating the patient with antimieiobial dings sufficiently long to 
aiiest submucosal tiibeieulosis as well as eliminate the esiidatne eomponeiits 
of the parenchymal lesion Less than three to si\ months aiitmnciobial therapj 
would seem to be inadequate Three to eighteen months pieoperative “com 
billed drug” therapy, where indicated, would not seem to iiiciease the iisk of 
developing complications dining the postopeiatue peiiod 

iM.any ol those patients who iteeued diiig theiapi for ovci two \eais be 
fore opeiation did so because tlie disease was too esteiisue or too active to 
wanaiit resection sooner The prolonged drug theiapy brought them to a 
state of improvement ni which suigeiy could be undeitaken with lelative safetv 
The piolonged poiiod of picopei.itive ticatniciit should not be blamed foi caus 
mg postopoiative complications In man} cases it was lifesaving and m 72 
pel cent of those who loeoived drugs foi over two years tlieie vveie no oompliea 
tions 

The operative death rate m this senes was 4 3 per cent with an over all 
late of 7 8 per cent Excluding the pneumonectomies, the late for the senes is 
3 5 per cent and 5 6 per cent, lespcctively, with no mortality foi wedge resec¬ 
tions Undoubtedly, a piieumoncetoniy is the lescction opeiation of the great¬ 
est magnitude Not only does it cany with it the greatest surgical nsk, but the 
patient IS like a two engine an plane eai lying on with only one motoi foi the 
lest of his life If anything, even tnvml, happens to the lemammg oigan, the 
result may be catastrophic Similaily, a single fuel pump, the heart, canies the 
1 esponsibility foi eiieulatmg the lequiied vital fiiiid of the whole meehamsm 
to the single motoi Even a mnioi failure here in the ciiculatmg mechanism 
will dimmish its function below a life sustaining level Theie is an impiession 
that eoi pulmonale plays a larger pait in ovii moitality figuies than was at one 
time thought to be the case 

SUVIMARV. 

1 Six huiidied consecutive cases of pulmoiiaiy lesection at the Nova 
Scotia Sanatoiium have been levievved 

2 The possible mfluonce of age, sex, eiidobionchnl tubeiculosis, and the 
dui.ition of pieopeiative antimiciobi.il theiapy have been tabulated 

3 Mortality figuies aie given 


RErUREXCr 

1 Hillz, J B, SIvcEso, D M, amt Qiimlan, J J Tuberculous TraoliLObronchitis Dis 
Chest -0 313, 1951 ' 



INTEATTIORACTC NEUROFlBRO:irA OF THE ^E40US NERVE 

A CA.src Rei’ORT 


W:\r. M. Tuttle, M.D., Detroit, Mich., V. Saxai, New Delhi, Ixdia, 
AND II. P. ITariis, SI.D., Holland, !Mich. 

Detroit, Mich. 

N EUROPIBROiMAS arising in the posterior inediastinnm are not uneoinmon, 
and at times tiiey are associated witliout generalized neurofibromatosis (von 
Recklinghausen’s disease). Such posterior mediastinal tumors have their 
origin from the intercostal nerves or the sympathetic chain. Neurofibromas 
of the cranial nerves are not common, the commonest nerve involved being the 
acoustic nerve.^ Tumors of the cervical segment of the vagus nerve have been 
reported by a number of authors, but those arising in the thoracic segment are 
rare. Blades and Dugan- reported the first patient suffering from a thoracic 
neurofibroma of the left vagus nerve and its successful extirpation, Purrer 
and Fox® reported a patient with a perineural fibrosarcoma of the left vagus 
nerve which was discovered at iiost-mortem examination. Efskind and 
Liavaag* in their review of 21 cases of intrathoracic neurogenic tumors re¬ 
ported 1 patient with a neurinoma which had its origin in the recurrent 
laryngeal nerve. Recently Gerbode and Marguiles' reviewed the literature 
on this subject and reported 1 ease of neurofibromatosis with neurofibromas 
of vagus nerve in the superior mediastinum associated with pectus excavatiim. 
Since then Gilbertsen and LilleheP have reported the instance of a patient 
with bilateral neurofibroma of the vagus nerve unassociated with generalized 
neurofibromatosis. It would appear that neurofibromas of the vagus nerve 
a.ssociated with genei’alized neurofibromatosis are uncommon. The present 
case rei^ort falls within this category. The tumor arose from the left vagus 
nerve immediately below the origin of the recurrent laryngeal nerve and was 
successfully extirpated. 

C.VSE REPORT 

S. W. (A-16923S), a 30-year-old white man, was admitted to the Harper Hospital, 
Detroit, Mich., on Dee. 29, 1953, because of a mediastinal mass which was discovered on a 
routine yearly chest film. The patient was an employee of a public school system, and had 
had chest x-rays each year. He stated these chest examinations had been negative. Tlie 
patient had no complaints or sv'mptoms. There was no family history of tuberculosis, but 
the patient stated that he had had a positive tuberculin test for years. The past history 
revealed that he had had a toxic goiter as a boy, which was treated medically and later 
by x-ray. An appendectomy had been performed ten years before. 

From the Department of Thoracic Surgery. Harper Hospital. Detroit, and the Depart¬ 
ment of Surgery. Wayne University College of Medicine, Detroit. Mich. 

Received for public.ation July 19. 1955. 
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Ou admission the physical examnidtion rovcalad a ell developed, uell uouii'shed, 
white man, diiiicaring healthj, and in no ipparciit distrc-*s The physical examination was 
entirel> negati\e, and there was no e\idciice of anj ncurolibiornatosis The blood piessuic 
was 140/‘)0 The pulse was 74 per minute The admission complete blood count, urine 
anihsis, total serum proteins, and albumin globulin ntio were within normal limits 

An X raj of the chest revealed an o\ il soft tissue mass m the left mid mediastin il 
area just above the loft hiluin riuoioscopicallv, the mass laj just above the mam pul 
moiiarj arterj on the left. No pulsations were observed m this area The nature of this 
111 iss could not be determined by rocntgenograpliit studies. 



t—A yostero interior projection of tin. chest reveils a tumor mass protiudinir fioin 
IjlIow tliu aicli of the aorta, the nature of which w.is not iletermineii until at the time of 
operation 

On Dec 30, 1053, the patient was taken to the operating loom and under intravenous 
Peiitothal, curare, procaine, and intratraclieil nitrous oxide and oxj gen anesthesia with 
the patient m the left lateral position, an exploiatorj thoracotomv was peitormcd through 
the bed of the fifth nb Exploration of the mediastinum revealed a firm, smooth, oval 
shaped tumor mass present just above tlio left main pulmonarj artery and below the lortic 
aieli Further dissection revelled tint the left v igus nerve tnttred the tumor miss mil 
euiierged from it The recurrent laryngeal iieive arose appioximatelj I mm above the 
tumoi At the distal end of the tumor was the remaining normal tiuiiK of the vagus lu ivc and 
the pulmonary plexus The tumor was removed amputating the* vagus nerve supenorlv 
just below the recurrent larjngeal 
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The patient tolerated the procedure well, and no evidence of rise of pulse rate or 
drop in blood pressure was seen at an3' time. There was no evidence of laryngeal paralysis. 
Postoperative examination of the larj-nx revealed both cords of equal amplitude. 

Tatliology Seport .—Gross Examination: The specimen was a piece of tissue 5 by 2 by 2 
cm. which was pink, smooth, and at one point, contained a firm O.o cm. nodule. Tlie tumor 
appeared cystic. On cut surface the specimen was gelatinous. 

Microscopic Examination: Neurofibroma of the vagus nerve. 

Tlie patient had an uneventful postoperative course and was discliarged from the hosjdtal 
on Jan. S, 1954. 

SUMMARY 

A case of neurolibroina of vagus nerve in lire elicst una.ssociated with 
generalized neurofibromatosis is presented. The tumor was successfully removed. 
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VBNTRICULAB FIBRILLATION INARTIFICIAL HYPOTHERMIA 

J & VRCl V R VMOS, M D 
Tl.u,pan, D F , Mexico 

A RTHMCIAL hyiiotlieimia is now increasingly atti acting the attention of 
physicians and siiigeoiis for its many applications in seieial fields In 
its use as a valuable tool in caidiac suigeiy, hoive\ei, the siiigeon has been 
faced with the piobleiii of ventiieulai fibiillation that seems to octiii iiioie 
leadily than at iioimal tempeiatuies Bailey and associates' have lepoited 
lentiieulai fibiillation as OLCiiiiing in Gfi pci cent of then cases, othei aiithois 
haie similai figiiies* 

Tlieie IS not a thoiougli agiceiueiit on the mechanism of lentiieulai 
fibiillation Tlieie aie, howevei, some well established facts One condition 
foi the appeaiantc of fibiillation is heteiogemcity in the piopeities of the 
veiituoulai muscle' ' Another condition is the uiitiatiou of an impulse at the 
end of the functional lefiactoij pciiod of the piecednig one' ' It was de 
cided, theiefoie, to applj these known tacts to the expeiniieiital study of this 
eaidiac disoidei undei hjpothctiiiia with the idea of finding some pi ictieal 
applications which might help in solving this inipoitant pioblem 

METHOD 

Rats, undei Nembutal anesthesia (50 mg pei kilogiam, intiapeiitoneally), 
weie used A tiacheal cannula was nisei ted and aitificial lespnation insti 
tilted, the chest was opened thiough icmoval of the steinum and the costal 
caitilages, leaving the heait widely exposed The opened peiicaidial sac was 
sutuied to the skin On the vential siiiface of the centiiele weie placed 
electiodes for stimulation and recoidnig (small steel seiiefines fixed to the 
epical dram and hangrag fiom fine flexible wnes) The animal was then 
placed in a small plastic box, closed except foi some openings for the aitificial 
lespiiation tube, the electrodes, and the thcimometei (which Mas a laige 
cuvette meicuiy type placed inside the abdominal cavity thiough a small 
opening in the aiiteiior wall) 

The piopoities of the ventricidai muscle studied weie (a) the threshold 
loltage to electiieal stimulation with sqiiaie pulses of 1 millisecond diiiatioii 
and at a frequency just above the sinusal ihytlim, (b) the functional lefiaetoiy 
peiiod, foi example, the shoitest interval between two piopagated lesponses 
to two shocks of 150 per cent threshold voltage, oi the maximal fieqiiency at 
which the ventricle could be diiven with a short train of pulses of that iiiagni 
tude, (c) the conduction velocity of the impulses, judged by the latencies foi 
shocks of that same intensity and of frequency just above the actual heart 

Prom the Physiology Department of the Institute Nacional ile Neumologia Tlalnan 
D V Mexico 

Recel\ed for publication July 21, 19o5 
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rate; (d) the A'oltage amplitude of the electrical responses recorded from anj' 
point on the surface of the A'entricle to an indifferent electrode placed on the 
neck of the animal and grounded; and (e) llie rate of rise of tlie ascending 
limb of the monophasic action ijotential. 

Once the Imsal values of these properties were obtained, the box Avas 
surrounded by cracked ice and several measurements of those pi-opei-ties Avere 



Fig:. 1.—Curves from one experiment showing: the changes in some ventricular proper¬ 
ties during gradual cooling. Ordinates from above to below: Heart rate, in beats per 
second. Amplitude of the monophasic action potential in millivolts. Rate of rise of tne 
ascending limb of the monophasic action potential, arbitrary units. Threshold to electrical 
stimulation, in volts. Latencies of the stimulated responses, in milliseconds. Functional re¬ 
fractory period, in milliseconds. Common abscissas: Temperature in clesrrees centigrade. 

made during the cooling period. The records Avere photographed from a 
cathode ray oscillograph (DuMont 322) using their OAvn D.C. coupled amplifier. 
In some eases the records Avere taken on a three-channel inlcAvriter gahm- 
nometer (Model III D Gi’ass eleetroencephalograidi). In this last ease, the 
action potentials Avere fed through a Grass Converter-Demodulator and re- 
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corded with d loir hcqueiiLy gah aiiometei coil in oidei to hare accuiate 
locoids due to the inhnite time eoiiibt.iiit of thih ciicuit The stimuli applied 
came iiom a model b-lB Ciiass btimuHtoi thiough a Glass stimulus isolation 
unit 

itthUina 

A No}mill neat ',—The hcail latc changes liiieaih with the tempeiatuie 
The theinial coeffltieiit (Qm) has an aveiage \alue of 2 31, the lowest figuie 
found lias 1 77 and the highest one Mas 3 07 

The loltage amplitude ot the action potential piacticallj does not change 
until a ciitieal point, about 25° C Below this \alue, the action potential begins 
to decline lapidlv Sometimes heloie that point m the cooling pioeess is leached 
there IS a giadiial iiiciease ol the amplitude whieli can be as much as 10 to 20 
pel cent ot tlie coiitiol \ allies 

TJie changes in file i.ite of use ot the ascending limb of the monophasie 
action potential follows a paiallcl eoiiise with the changes in amplitude (Fig 1) 



Fiff 2—R ht n between conduction \eIocKj of impulses (reciprocals of the latencies In 
milllsecoiidb x I » i 1 n tes) and rate of rli-e of the ascending limb of the monopha&ic action 
potential (lUbiti i m t abscissas) 

B Respoiiyri, to Oik >i Two Stimuli — The tliiesliold loltago eitliei docs 
not change at fiiit i pn ints a giadual decicase of small magnitude until a 
tempeiatuie oi il it 20 l at which it tends to use lapidlj (Pig 1) 

The lattiii i 1 lesponses iiieiease ui an es.ponentiaI like uiannci 
The changes ii leii m I toi temiieiatiiics aboi e 25° C, usually not icachiiig 
values gieatti tinii 2' u ' ent ot the contiol even at this paitieulai tempera 
tme Aftei tint yfinl i slight icduetioii in tempeiatuie lesults in a gieat 
iiieiease in 1 iluuv ll i- 

Theie i Imeai id ii m between coiiductioii veloeit) of impulses and the 

late of use t the asicn mg limb of the action potential (Fig 2) 

'file fill I mini ictii uv peiiod follows a paiallel change, although the 
inciease is hnvs gie tei than the conespoiiding vaiiation in latency At 
2a° C it IS usual to leco ' m ineicase of 50 pet cent, and sometimes even 100 
pel cental the contiol v hies 

C if ; uses to Tiaiiis (} SfiiiiMh—The lesponses to tiaiiis of stimuli, of 
1 second <! lation, at diftnuit tiei^^eics, and of inteiuity of 150 to 200 pei 
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cent threshold, were recorded. Successive latencies and amplitudes of the 
responses were measured. 

During the control conditions the amplitude of the responses are more or 
less the same for the different frequencies of stimulation. At higlier frequencies 
(12 to 16 per second), there is a gi-adual fall in amplitude for the successive 
responses until suddenly the ventricle begins to alternate to the shocks. The 
latencies shortened in the successive responses to relatively low frequencies and 
showed a moderate increase with the higlier ones. With tlie highest ones, there 
is some alternation until finallj'' an impulse is missing (Fig. 4). 
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Pig. 3.—Gradual development of heterogenicity in the ventricular muscle with falling of 
the tempeiature The irregularities in the responses show that speed of conduetion and reirac- 
toriness are not the same foi all active dbers. Electrogiams taken with the electroencephalo- 
giaph, stimulating and recording electiodes over the v'entricle Frequency of stimulation 9 per 
second, the horizontal line below' represents one second 


As the cooling advances the amplitudes become irregular, the more so the 
lower the temperature. Fig. 3 gives some examples for a frequency of stimula¬ 
tion of 9 per second. The latencies increase markedly and show the alternation 
sooner, as illustrated in Fig. 4, for a frequency of 8 per second. The action 
potentials for the longer latencies are the smaller ones. Sometimes the action 
potential is so small that it looks just like an irregular base line. 

D. The Ejfect of AconiUne .—^Aconitine crystals applied locally over the 
surface of the ventricle do not give rise to the development of an ectopic foci 
of impulses at the lower temperatures, even if the heart is made slower by 
cutting the artificial respiration, or after a train of electrical shocks at rela¬ 
tively high frequency, conditions which always make this kind of ectopic foci 
to discharge in a heart at normal temperature. 




FIff. i .—Latencies for tlie Individual responses to each of a tram of electrical shocks at 
a frequency of 8 per second and at the temperatures given for every curve. Ordinates: 
latencies In milliseconds. Abscissas: time (eacli point is plotted at 14 second interval). 
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Fig. 53.—Effect of aconitine locally applied on a cool ventricle. Electrograms of tlie heart: 

A, Normal ventricular beats, in spite of the fact that the aconitine have been already applied. 

B, After starting the warming up. There Is some extrasjstolic activity but only after a train 
of electrical shocks at a frequency of (J per second. G, At a higher temperature an ectopic 
focus begins to discliarge Here, the upper record shows tlic auricular activity at a lower rate 
and was taken from an electrode on the right appendix to anotlier point on the ventricle. Time 
calibration: one second. 
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When the animal is warmed again, the aconitine applied may have the 
usual effect (Fig. 5). 

DISCUSSION 

Some of the results can be analyzed from the pui-e physiologic point of 
view. The amplitude of the monophasic action potential, the rate of rise of 
the ascending limb, and the threshold to electrical stimulation vary in a 
manner similar to that described for the nerve fibers.®’ “ 

For the increase in height of the action potential, no satisfactory explana¬ 
tion has been advanced. For the decline of those properties it is interesting 
to recall that Lorente de No*^ pointed out that “the effect of a lowering of the 
temperature closely resembles that which is produced by lack of oxygen,” and 
that “the changes in the spike potential are referable mainly to a reduction of 
the rate of those chemical reactions which underlie the alteration itself and 
the restoration of the membrane potential. ’ ’ 

The relation between speed of conduction and rate of rise of the ascending 
limb of the monophasic action potential is in agreement with the observations 
of Gasser® on the nerve fibers, and also with the local circuit theory for the 
propagation of impulses. 

Let us now examine the data in regai’d to the mechanism of ventricular 
fibrillation. According to the circus movement theory to explain this cardiac 
disorder there is required a closed path of such an extension as to contain an 
impulse. The wave length of this impulse must then be smaller than the path 
itself. The heart of the large animals always has the proper dimensions to 
enclose one or several of those closed paths. Any condition which can 
shorten the wave length, for example, increasing the speed of conduction, or 
shortening of the refractory period, or both, will favor the appearance of 
fibrillation. The enlargement of the possible paths to a traveling impulse will 
act in a similar way, as does the establishment of heterogenicity in the 
properties of the individual muscle fibers. All that is neeessar}'- in such condi¬ 
tions is to initiate a unidirectional waAm of impulse by applying a stimulus at 
the end of the functional refractory period of a iireceding one.’^ 

When this study Avas started it aa’us expected to find, AA’ith the loAvering of 
the temperature, a decrease in speed of conduction Avith either no change in 
duration of the refractory period or at least Avith a small increase in this 
period, but not in proportion Avith the change in conduction velocity. As the 
data shoAv, the change in the refractory period, as this is cui’rently determined, 
Avas greater than the increase in latency. This result Avould be against the 
development of fibidllation, as the AvaAm length of the impulses is noAV longer. 

The results Avith trains of stimuli shoAved, lioAveA’^ex’, that latencies do in¬ 
crease markedly at successive responses (Fig. 4). Still more, the heterogenie- 
ity in the individual muscle fibers become more eAudent the loAver the 
temperature is (Fig. 3). This means that the AvaAm length progressh’^ely 
shortens at the same time that the path enlarges by making itself irregular. 
Thus, the present results are compatible Avith the circus movement theoi’y as 
the mechanism for ventricular fibrillation. EAmn if the refractory period Avill 
have shoAvn an increase much greater in proportion to the degree in Avhieh 
conduction Amlocity was sloAved, the simple deA’elopment of heterogenicity in 
the muscle fibers alone, as revealed for the Amriability in latencies and the 
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appearance of niegulaiities in the amplitude and configuiation of the le- 
spon&es, will be enough to make the lentiicle apt to develop fibiillation and of 
a lesb easily leveisible kind, as is the one found in the clinical obseivations 

The fact that the thicshold of stimulation does not change niaikedly -uith 
the loweiing of tempeiatuie makes leasonable the possibility of the initiation 
of an impulse which, undei piopei toiiditions, can induce fibiillition 

This type of lesult shows that sometimes it is not enough to make measuic- 
ments at static conditions The twoshoek method foi detcimining the length 
ot the lefiactoij peiiod and the latency to the fiist shock weie gnnig us a 
wiong pictme The obsemations with tiaiiis of shocks, foitunately, ga\e us 
a clehnite answ ei 

The studies made bj Shelf* with aconitine led him to believe that multiple 
ectopic foci wcie lesponsiblo foi veiitiiculai hbiillation, the smaller waves 
seen in the iccoids taken fiom a hbiillating heait would be local noiipiopa 
gated icsponses Gaicia Eamos and ililcdi' have shown, howevei, in .i studj 
with micio cloctiudes, that thcie arc no such local potcntnls, eveij action 
potential leeoidod is a piopagated one, and the lieiiueiicy of activity is just 
limited by the functional lefiactoiy peiiod ot the individual muscle fibeis at 
that moment The iiiegulauties in the iccoids aie due to the 1 lek of synchio 
iiiration of the dilfeient active elements 

The piesent obseivations with acumtinc aie not a diiect dispioof of the 
multiple foci theoij In fact, the effects of this thug cannot be used in 
support ot aiij theoiy The conditions of its action are aitificial The only 
thing one can say is that the lack of effect of aconitine at lowti tempei.ituies, 
which was desciibed pieersely bj Sheif,* makes all the aiguinents based on 
its action unsuitable for the explanation of the iiiechaiiism of ventiiculai 
fibiillation 

On the othei hand, theic is not aiij evidence that the potential automatic 
activity of the ventiiculai muscle is as good at low tempeiatuie as it is at 
the 1101 iiial one 

The clinical obseivations of Bigelow and co woikeis tbit in iintenaiiee of 
blood piessuie above SO mm Ilg and hjpeiventilation of the patients give 
some piotection against the ventiiculai fibiillation of hypotheimia suggest 
that hyijoxia of the muscle can be a factoi It is tiiic that at low tempeiatuies 
the oxjgeu consnniption of the lieait is gieatly diminished and that the tall 
111 blood piessuie could be not seiioiis enough to inteifcie with the piopei 
11 ligation of the muscle If one tikes into account, howevei, that aoitic pies 
suie IS not the oiilj' factoi in eoioiiaiy ciidilation and that the eneigy of the 
coiitiactions and the heait late have also a diiect effect on impioving it, as 
shown by Gaicia Ramos, Alains, and Roseiibhieth'* in tlie isolated, peifused 
dog’s heait, we have a gieatei support for this idea In clinical as well as m 
the expeiimental obseivations, it is found that the heait late decreases maik 
edlj, and Bigelow and co woikeis" found that the caidiae output shows a 
piogiessive fall duiiiig cooling 

It was pointed out pieviouslj that the changes in the electiical events of 
heait activity can possibly be asciibed to a failuie of the oxygen utilization, 
mechanisms _ 
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There is another observation that favors the idea of hypoxia of the heart 
muscle at Ioav temperatures. Swan^® has reported that acetylcholine and 
Prostigmin seems to protect the heart against fibrillation, and Garcia Eamos 
and Ramirez de Arellano’^^ showed that acetylcholine depresses the oxygen 
consumption of frog’s and turtle’s hearts. 

An analysis of the conditions for establishment of heterogenicity in the 
properties of ventricular muscle fibers due to hypoxia permits one to state 
some practical measures as follows: (a) trj'- to maintain the coronary blood 
pressure as high as possible; (b) keep the arterial oxygen saturation at normal 
values; and (c) reduce the sympathetic activity, the local as well as the general. 
Adrenalin is now a well-known hj'poxiating agent.*- The same can be said 
about some other sympathomimetic amines. All these measures will tend to 
reduce the heterogenieitj'- of the heart muscle and so give some protection 
against fibrillation. 

SmiMABY 

An experimental study on rats under artificial hypothermia shows that 
loAvering the temperature of the animal increases the heterogenicity of the 
Amiitricular muscle making it more apt to present ventificnlar fibrillation. 
This change is probably produced by the depression of oxidative reactions and 
by the reduction in the proper irrigation of the heart. These two factors to¬ 
gether interfere with the processes of restoration after activity. 

A discussion is made on the physiologic significance of the changes with 
respect to the mechanism of ventricular fibrillation. The data are in favor 
of the idea of a circus movement more than that of multiple ectopic foci. 

Some practical applications are derived from the analysis of the results 
and of the clinical observations. Reduction of extra oxygen consumption and 
an adequate oxygenation of the heart muscle will tend to protect it against 
fibrillation. 
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THE ACUTE EFFECTS OF RESECTION OF PULMONARY TISSUE 
ON SOME PULMONARY FUNCTIONS IN THE DOG 

M IIiNRY WiLiUMS, Jk , MD ,* Philip C Cvxnly, Chi uv, MC, USA, 
AND Clvldiv R Ruiord, Ph D 
AVvsniNcrON, D C 

E valuation of tlie acute icsponse of ancstlieti^ed dogs to leseetion of 
pulmoiiatj tissue and to i eduction of the blood supply to the luug Ins 
been confined laigely to heniodjnamie studies Long and assoeiates* found 
that pneunionectoiny caused a 2 to 13 mm ivatei use of the mean piessuie in 
the light \entilde and a laiiable effeet on the eaidiae output Fmebeig and 
AViggers' found that failuie of the light ventiiele de\eloped only after ap 
proMinatelj 60 pei cent of the piilmonaiy aitei-y uas oceliided Gibbon and 
Chill chilP found that occlusion of appio\imatel> 60 per cent of the cioss sec 
tioiial aiea of the pulmonaiy aitcij piodiiced a fall of sistcmic blood pies 
sure ivlieieas the systemic picssuie icmaincd constant oi uas elevated aftei 
occlusion of from 40 to 73 pei cent of the lobai blanches of the pulmonaiy 
aitery 

This report concerns the immediate effects of lesection of the left lung 
and of the upper and middle lobes of the right lung on alveolar and arterial 
blood gas tensions, the mean piessuic in the pulmonaiy aitciy and the systemic 
aiteiiovenous oxygen diffeieiioc in 6 dogs These data wcie obtained in oidei 
to assess the effect of lesection of laigc amounts of pulmonaij tissue on van 
ous aspects of pulmonary function of the icmaming lung and to obtain infoiina- 
tion as to the miiiiinura amount of pulmonaiy tissue that must be preserved 
in Older to cany on these functions 


METHODS 


Dogs ueio anesthetized hi the iiitiaieiious injection of Pcntothal (25 nim 
pel kilogiam) followed by baibital sodium (200 mg pei kilogiam) The dogs 
weio ventilated thiough a tiacheotoniv tube bi means of a constant loliime Bud 
lespiiatoi pump This pump pei nutted collection of the expiied air and sub 
stitiitiou of a lou oxjgen mixtuie foi loom an as the inspiiatory gas Pump 
rate and stioke loliime ueie kept constant thioughout the expeninental period 
The lungs uere kept inflated thiougliout the expeiiment by passing the expiied 
air through a column of 5 cm of watci The femoral aiteiy uas cannulated 
foi the collection of aiteiial blood samples The chest uas opened m the fourth 
to the fifth inteieostal space and the steinuni uas transected A polyethylene 
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canuula was inserted through the wall o£ the right ventricle (through a 17- 
gaugo needle) into the pulmonary artery 1‘or measurement of the iuean pressure 
in the pidmonary artery and for collection of mixed venous blood. The pres¬ 
sure at the level of the catheter tip was measured at the end of each experiment 
and was used as the zero pressure. After a 20-minute period of ventilation with 
room air, expired air was collected for three minutes. Samples of arterial and 
of mixed venous blood were drawn simultaneously at a constant rate through¬ 
out this 3-minute period. Twelve per cent oxygen was then administered as the 
inspiratory gas and, after twenty minutes, the air and blood samples were col¬ 
lected again. Ventilation was then re-established with room air, and the roots 
of the left lung, right upper and middle lobes were ligated and clamped and the 
pulmonary tissue distal to the clamps was resected. After a 20-minute interval, 
expired air and blood samples were obtained and the dog was placed on 12 per 
cent oxygen. Twenty minutes later the final expired air and blood samples 
were collected. 

Arterial blood gas tensions were measured immediately by the direct tech¬ 
nique developed by Riley and his co-workers.' The equilibrating water bath 
was kept 0.4° C. lower than the dog’s rectal temperature, approximately the 
temperature existing in the lung.'' Expired gas volumes were measured in a 
Tissot spirometer and corrected to 38° C. [BTPS (body temperature pre.ssure, 
saturated)] for calculation of ventilatory volumes and to STPD (standard tem¬ 
perature pressure, dry) for calculation of oxygen eonsumiJtion. Expired gas 
composition was measured on the Scholander microgas analyser" and the 
respiratoiy quotient was calculated. The alveolar oxygen tension was cal¬ 
culated from the alveolar equation,' substituting arterial for alveolar car¬ 
bon dioxide tension. The lung dead space was calculated from the Bohr 
equation. The mean pressure in the pulmonary artery was measured on a 
saline manometer. The arterial and venous oxygen saturations were measured 
by a spectrophotometric technique.® 

RESULTS 

Data obtained from the 6 of 7 animals which survived throughout the ex¬ 
perimental period are presented in Table I. In each animal the arterial car¬ 
bon dioxide tension, both during the inspiration of room air and of 12 per 
cent oxygen, was lower after resection of the iJulmonary tissue than it had 
been dui'ing the control period. Since the expired carbon dioxide tension was 
virtually unaffected by pneumonectomy the lung dead space was always lower 
after resection [83 to 95 per cent (average: 86 per cent) of the control during 
room-air breathing and 82 to 94 per cent (average: 88 per cent) during 12 
per cent oxygen breathing]. The artez-ial oxygen tension measured during in¬ 
spiration of room air increased in 4 of the dogs after resectiozz. Izi all but 1 
aniznal the alveolar oxygen tension rose. The alveolar-arterial oxygezz ten¬ 
sion diff'ereziee did not change sigziificazitly. During the inspiratiozi of 12 
per cezit oxygezi the arterial oxygen tezisiozz was higher in 5 of the animals 
after resection, the alveolar oxygezi tezision was higher izi all of the dogs, and 
the alveolar-arterial oxygen tension difference was not altered significantly. 
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During- room-air breathing the mean pressure in the pulmonaiy artery 
was always higher (7 to 12 cm. saline) twenty minutes after resection of lung 
tissue than it had been during the control period. Tlie oxygen consumption 
was approximately unchanged before and after resection in 5 of the dogs, and 
in Dog 6 it fell. Since the arterial-venous oxygen difference was larger after 
resection in all but 1 dog, the cardiac output was diminished (33 to 89 per 
cent) in all except one experiment. The calculated pulmonary vascular resist¬ 
ance (pulmonary ai'teiy pressure/eardiae output) was increased in each in¬ 
stance (120 to 385 per cent of the control, average: 215 per cent). During the 
inspiration of 12 per cent oxygen the pressure in the pulmonary artery was, 
with one exception, elevated after resection and the calculated resistance to 
flow through the lung was always increased. 

DISCUSSION 

These experiments concerned the effects of resection of a large percent¬ 
age of the lung (according to data of Rahn and Ross,® approximately 68 per 
cent of the total lung). Six dogs survived the procedure, and the seventh dog- 
died two minutes later. All the surviving dogs showed no impairment of the 
pulmonary functions studied. Although the pres.sure in the pulmonary artery 
increased, cardiac output was sufficient to maintain the oxygen consumption 
at the control level in 5 of the dogs. Since pulmonary ventilation remained 
constant, and since the dead space was decreased after resection, the arterial 
carbon dioxide tension fell while the alveolar oxygen tension rose. The 
alveolar-arterial oxygen tension difference was not significantly increased, 
except for Dog 1 in which the tension difference during room-air breathing 
increased 9 mm. Hg. In the other dogs, the changes were within the limits 
of experimental error (7 mm. Hg). Since this tension difference is a reflec¬ 
tion of different phenomena during the inspiration of room air and during the 
inspiration of a low-oxygen mixture, two inferences may be drawn from these 
\ data. The tension difference during room-air breathing is due to the presence 
/ of venous admixture to arterialized blood and to the presence of different ven¬ 
tilation-perfusion ratios in different parts of the lung.^“> Since the tension 
difference did not increase after resection of 68 per cent of the pulmonary tis¬ 
sue, pulmonary ventilation-perfusion relationships in the remaining lung were 
apparently unchanged. The absence of a significant tension difference during 
low oxygen breathing after resection of 68 per cent of the pulmonary tissue 
indicates that the diffusing capacity of the lung was so high that no measura¬ 
ble difference existed between the oxygen tension in the alveoli and in the 
blood leaving the alveoli. In these dogs, the average arterial carbon dioxide 
tension after resection, during 12 per cent oxygen breathing, was 44 mm. Hg 
and the average effective alveolar oxygen tension was 43 mm. Hg, an insignifi¬ 
cant difference. Since the average artexdal-venous difference was 27 per cent 
saturation, the difference between the alveolar and the mean capillary oxygen 
tension was 8 mm. Hg or less.^- The average oxygen consumption was 67 c.e. 
per minute, so the oxygen diffusing capacity averaged 8 c.c. per minute per 
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nulliinetei- of meroiu'y or greater. Since only 32 per cent of the lung tissue 
was present, the diffusing capacity of the entire lung would have been at least 
25 e.e. per minute per millimeter of mercury. 

Although resection of pulmonary tis.sue seemed to have no discernible 
effect on pulmonary blood-gas i-elationships, there was an obvious increase in 
the pulmonary vascular resistance. From the data in Table I the resistance 
during room-air breathing increased to 120 to 385 per cent of the control 
(average: 217 per cent) and during 12 per cent oxygen breathing 129 to 386 
per cent (average: 215 per cent). This was not as great as one might expect 
on mechanical grounds alone when 68 per cent of the vascular bed was re¬ 
moved. A previous study of the perfused lung of the dog has revealed that 
;i high intravascular pressure serves to increase the size of the pulmonary 
vascular bed and thereby deerea.se pulmonary vascular resistance.’^ Thus, 
the calculated resistance is :i function of the pressure in the pulmonary artery, 
and one cannot relate the resistance to the amount of lung tissue present un¬ 
less the pressure remains constant. 

The effect of further reduction of the pulmonary vascular bed was investi¬ 
gated in 0 of these dogs. In each instance, ligation of tlie right loiver lobe, 
leaving approximately 8 per cent of the lung in place,” resulted in extreme 
pulmonary hypertension (59 to 88 cm. saline), followed, in five to thirty-five 
minutes, by a fall of the pressure in the pulmonary artery, dilatation of the 
right ventricle, and death. In 4 of these animals marked arterial unsaturation 
developed during the period of pulmonary hypertension (25 to 36 per cent in 
4 dogs, 88 per cent in the fifth) and was completely overcome, in the two in¬ 
stances studied, by the inspiration of oxygen. Such a marked effect of oxy¬ 
gen indicates that the reduction of the arterial oxygon saturation was largely 
due to a diminished diffusing capacity of the lung so that a large difference 
existed between the oxygen tension in the alveoli and in the blood leaving the 
alveoli. Inspiration of oxygen raised the alveolar oxygen tension to some 700 
mm. Hg and increased the rate of diffusion of oxygen across the alveolar mem¬ 
brane into the blood. A similar phenomenon occurs after diffuse embolization 
of the lung.” The reduction of diffusing capacity after resection of 92 per 
cent of the lung may be attributed to the removal of diffusion surface and to 
reduction of alveolar perfusion of the remaining lung resulting from over¬ 
distention of the alveoli by the luidiminished ventilatory volume which was 
necessary for maintenance of adequate alveolar ventilation. The close rela¬ 
tionship between the circulatory and diffusion functions of the lung is indi¬ 
cated by the fact that both were relatively unimpaired after resection of 68 
per cent of the pulmonary tissue whereas right heart failure and limitation of 
diffusion of o.xygen both became apparent after resection of 92 per cent of 
the lung tissue. The pulmonaiy va.scular reserve was sufficient to maintain 
adequate circulation and diffusion of o.xygen when 68 per cent of the lung was 
removed, but 8 per cent of the lung contained in.suffioient vascular bed to 
mamtain either of these functioms. 
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SUMMARY 

Acute vesection of approximately 68 per cent of the pulmonary tissue has 
been performed in 7 dogs. One dog died. The remaining dogs showed an in¬ 
crease of the pressure in the pulmonary artery, a small decrease in the arterial 
carbon dioxide tension and lung dead space, no significant change in the alveolar- 
arterial oxygen tension difference both breathing room air and 12 per cent oxy¬ 
gen, no consistent change in oxygen consumption and an increase in the 
arterial-venous oxygen difference. The calculated cardiac output fell after this 
procedure, and the pulmonary vascular resistance rose. Although the resec¬ 
tion had a detectable effect on the cardiac output and on the pressure in the 
pulmonary artery, there was no adverse effect on pulmonary ventilation-per¬ 
fusion relationships, and the diffusing capacity was so high that, even during 
hypoxia, there was no appreciable difference between the partial pressure of 
oxygen in the alveoli and in the blood leaving the alveoli. 
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A SntPLE DEPIBKHiLATOR ELECTRODE 
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USA, AND Du ID Cole 
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T he authois ha\e designed and constinoted a simple and oomemeiit 
defibiillatoi eleetiodc foi use nith a modified Mackay dcfibiillatoi* (Fig 
1) The eketiode is made fiom a st unless steel bidliiig spoon, a 10 inch length 
of % inch OD stainless steel tubing, and i male banana plug The handle is 
seieied fiom a spoon, the stub of tlic spoon h indie is sihei soldeied into one 
end of the stainless steel tube A male banana plug is placed into the othei 


DEFIBRILLATOR SPOON 


and w ring 





FlS 1 


end of the lod and sihei soldeied into place The back of the spoon is sand 
blisted and coieied with an msiilatmg coat of baked on epoxy lesiii The 
stainless steel lod is insulated bv Tjgon tubing (formulation B 44 3) of % inch 
ID and % inch OD This eoiisti iiction peiinits lepeated aiitoelaiing The 

riom Division of Surgery \rmy Me heal SerMce Giaduate School WRAAIC "Wishing 
ton D C and Department of Suiger> State University of Neu Aork Scliool of Medicine 
vt N ^ C Brooklyn N 1 
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electrode is connected to the defibrillator l)y appropriate wiring using poly¬ 
ethylene-insulated stranded wire, which can he Innled, or O’e/loii-insulatcd wire, 
which can be autoclaved. Banana connectors are used at both ends of the 
leads. The advantages of this electrode are: 

1. It is easily constructed and easy to keep clean. It can be autoclaved. 

2. The spoon is properly cupped to make good contact with the heart. 
It gives sufficient area of contact so that there is minimal danger of excessive 
current density. The danger of burning the myocardium is thereby minimized. 

o. The use of banana jacks allows for rapid setup aiad use. 

4. The back of the spoon is insulated to minimize stray currents. 

This design of defibrillator electrodes has been successfully used in ex¬ 
perimentation involving use of a mechanical heart.- 

These electrodes supplied by D. Cole, Glenn Echo, ^taryland. 
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OCCURRKNCn OR TUBERCULOSIS IN AN ACCESSORY 
PULilON^YRY SBGilENT 
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B OYDEN* lias doseiibed anomalous pulmonuy segments Seaicli of the 
liteiatuie has not revealed repoit of occuiience of tubeiculosis m such 
segments 

The occuiience of tubeiculosis m an aeeessoiy pulmonaiy segment of 
Boyden would tlieiefoie seem of siihieient mtciest to leport 

CISE HI-PORT 

Case No 63G —Twenty year old Negio woman 

Diagnosis —Pulmonaiy tubeiculosis, fai adianced, cliroiiic, oiiginal massiie 
bilateral ca\itaiy disease (Pig 1) with incomplete icsolutiou and assumed 
inspissation following adequate medical ticatment consisting of antitubeiculosis 
diugs and bed rest 

In the course of the left sided icseetion the distiibiition of the tuberculosis 
disease in the uppei lobe was consideicd unusual The posteiior segment was 
destioyed, as anticipated Thcie was, howeici, a wedge shaped aiea of con 
traded, nodular tissue located between the apical segment and the anteiioi 
segment (Pig 2) The posteiior segment was unecentfully lesected Howevei, 
oil luithei dissection in the inteilobai fissuie, a tubnlai stiuctiiie was eu- 
counteied superficial to the pulmonaiy artciy, and was demonstrated to contain 
an latlici than blood It was identified as an anomalous bionclius supplying the 
tiiaiigttlai aiea pieiiously described The aiteiial supply of this aiea ivas bj' a 
small blanch of the anterior segmental aiteiy The venous drainage was by way 
of mtcisegmental veins The aiea was identihed as a BX'a subsegment of 
Boyden (Pig 3), and was uneventfully icsccted (Pig -1) 

The case is piesented in new of its piactieal interest, that is, the im- 
poitanee of aleitiiess on the pait of the siiigeuii with legaid to anomalous 
bionehi especially in the course of segmental icsection lest bronchi and aiteiies be 
ti anssected 

As Boyden has mentioned, if the opeiatoi weie to follow the usual method 
ot lenuwing the lingnlai segments, he would seiei bionchus BX’a and its 
aiteii, AX"a, thus compiomising the whole icgion posteiioi to the anteiioi 
From the Eajst Tennessee Tuberculosis Hospital* P M Huggin MD Director Knoxville 

Tenn 
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Fig. 1.—Original x-ray 


left lung 



Fig 2 —Diagram showing findings at operation 
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I Ig 3—DldgruM slJo\>lng acctssoiy bronchus 15Va acconling to Boyilen 
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I IE 4 —I'lnal x ray following bilateral pulmonary resection 
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segment (B-). Boyclen therefore emphasizes the necessity of examining the 
interlobar surface of the upper lobe before resecting the lingular segments. 

The case was of theoretical interest in view of the demonstration of seg¬ 
mental localization of tuberculous involvement, and also in view of the fact 
that the pulmonary tissues supplied by the aberrant bronchus were involved 
with infectious disease in spite of the fact that the segments on cither side 
were not significantly involved. 


KEFEBENCE 

1. Boyilcn, E. A., and Hartmann, J. E.: An Analysis of Variations in the Bronchopulmonary 
Segments of the Left Upper Lobes of Eifty Lungs, Am. J. Anat. 79: 321, 19*16. 



VoL. 31 


The Journal of 
Thoracic Surgery 


No. 6 


June, 1056 


Original Communications 


THE SURUlCAIj TREATJIBNT OP LOWER LOBE TUBERCULOSIS 

Viking Olov Bjoiik, M.D. 

Stockholji, Sweden 

T uberculous cavities and broneWal stenosis in a lower lobe are now 
generally considered indications for primaiy resection. For these eases, 
pueuniothora.\ is usually found in my opinion to be a “ waste of time and loss of 
function.” The advantage of pneumoperitoneum is that it is mainly only a loss 
of time. In a great number of cases, it is therefore necessary to perform a 
primaiy resection to attain a lasting cure. 

After a lower lobe resection, we consider it neeessaiy to diminish the 
tliorax in the following cases: 

1. When a segment or more from the middle or upper lobe has to be 
resected at the same time as the lower lobe lobectomy. 

2. If palpable tuberculosis is found in the remaining portion of the lung. 

3. If an empyema is resected at the same time. 

J. When the tuberculous cavity was opened during the operation. 

5. If the remaining lung is very emphysematous or iibrotic. 

6. If there is significant conti’alateral tuberculosis. Following these prin¬ 
ciples only 2 of 21 patients operated upon for lower lobe tuberculosis were 
left without a space-diminishing procedure. This paper is concerned mainly 
with the different surgical possibilities of diminishing the size of the thoracic 
cavity after a lower lobe resection. 

A. Lower Lobe Resection Without Space-Diminishing Procedure .—After 
the removal of a lower lobe with only a localized tuberculous lesion to this iobe, 

From the Sabbataherg Hospital; Surgeon In Chief: C» Crafoord, Td.D., Professor. St. 
Gbran Hospital: Physician in Chief: A. ‘Westereren, M.D., Professor. Soderby Hospital: 
Physician in Chief; T. Bruce, M.D. 

Tills work was aided by The Sw’edJsh National Association Against Tuberculosis. 
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there is usuallj^ no indication for diminishing the size of the thoracic cavity. 
When both lower and middle lobes are resected and no thoracoplasty performed, 
the following result was obtained (Case 1, Table I). 


Table I. Lung Function After Right Lower and Middle Lobe Resection Without 

Space-Diminishing Procedure 




FUNCTION OF 




RIGHT SIDE IN % 




OF TOTAL 

YEARS 

case 

RESECTION OP 

0- UP- 

VENTILA- 

AFTER 

NUMBER 

LOBES 1 RIBS 

TAKE 

TION 

OPERATION 


1.— A. 22-year- Right lower 0 26 49 2 

old woman and middle 
lobes 


MOVEJIENT of 
THE DIAPIIRAG.M 
RIGHT I LEIT 
l.j cm. 4 cm. 


Conclusion; The remaining overdistended riglit upper lobe did not show 
any sign of reactivation after two 3'ears and the patient’s sputum and gastric 
washing were negative on culture and guinea pig test. In spite of the over¬ 
distention, there was an optimal oxA'gen uptake of 26 per cent of the total. 



Fig. 1.—Case 2 An x-ray taken three years after resection of right lower and middle 
lobes with a basal thoracoplasty (resection of nbs 10 to 4). Twenty-four per cent oxygen 
uptake and 34 per cent of the ventilation come from the remaining right upper lobe. 

However, there was an abnormally high ventilation on the right side (49 per 
cent of the total) in proportion to the oxygen uptake. This is an expression 
of a very uneconomical respiratoiy work, due to the overdistention with em¬ 
physema. 
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B. Diminishing the Space From Below .— 

1. Basal thoracoplasty: In 3 cases the thoracie cavity was diminished from 
below corresponding to tlic resected lobes, or in othc: words a basal thoracoplasty 
was performed. The postoperative function of the remaining lung is shown in 
Table II (Figs. 1 and 2). 


Tabll ir. Lung Function Aiter Basal Tiioracoi'lasty and Lower Lode Besection 





1 J-UtsCTIONOF 
RIGHT SIDE IN ^ 

1 OK TOTaVE 

1 YEaVRS 

MOVEMENT OF 

CASE 

! KlbLCTlONOP { 

OaLR 

1 VENTIIaA- 

AFTER j 

TIIL DIAPHRAGM 

NUMBEll 

LOULS 

1 lilUS { 

TAKE 

1 TION 

OFI-RATION 1 

RIGHT 1 

1 LEI r 

2 .—A 33 jear- 
olii woman 

Right lower 
and iniddlu 
lubes 

10 to 1 

24 

34 

3 

1.5 era. 

5 cm. 

3.—A 21-jear- 
oltl woman 

Right lower 
and middle 
lobes 

10 to 7 

23 

33 

o 

3 era. 

6 cm. 

1.—A 2G year 
olil woman 

Right lower 
lobe 

11 to 7 

30 

13 

o 

5 era. 

6 5 cm. 



Fig 2 —Case 3 An x rav talten two years after resection of risljt lower anil middle 
lobes with a smaller basal thoracoplasty (resection of ribs 10 to 7) which caused considerable 
deformity. Twenty-three per cent of the oxygen uptake and 33 per cent of the ventilation 
come from tlie remaining right upper lobe 


Conclusion With the performance of a basal thoiaeoplasty after a lower 
lobe resection all 3 patients had negative cultures and negative guinea pig 
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tests on sputum and gastric washings. An optimal oxygen uptake was ob¬ 
tained bj' the remaining lung on the operated side at a moderately increased 
ventilation. Thus, a much more economical respiratory work is obtained 
as compared with Case 1 in which no space-diminishing procedure was per¬ 
formed. HoAvever, a comparatively extensive rib resection had to be per¬ 
formed, resulting in a considerable deformity. After the investigation of these 
3 patients, the procedure was abandoned. 

2a. Elevation of the diaphragm hy phrenic crush: To diminish the space 
after a lower and middle lobe lobectomy by an elevation of the diaphragm seems 
logical. After such an operation there will be some spontaneous elevation of 
the diaphragm, especiallj’- on the left side. The most simple procedure in order 
to increase the elevation of the diaphragm is to perform a phrenic crush. This 
procedure has been used for several years bj’’ many surgeons. We are, however, 
afraid: (1) to imiDair the patient’s ability to raise the sputum in the immediate 
postoperative period, and ( 2 ) to impair lung function by paradoxical move¬ 
ments of the paralyzed diaphragm. Furthermore, empliysema is not pi’evented 
as function is regained after six to twelve months. 


Table III. Luxo Fuxctiox After Kesectio.v of irEDiA.STi.vAL Tumor With Part op the 

Left Phrenic Nerve 


C.1SE XUJIBER 

OPERATIO.V 

ruxcTlO> 
SIDE IX 

0. UPT.UvE 

r OF LEFT 
, OF TOTAL 

VEXTIL.V- 

TIO-V 

TEAKS 

.AFTER 

OPERATIO.V 

MOVEMENT OF 
THE DI.VPHKAO.M 
RIGHT j LEFT 

0 .—A 15-year-oId 
girl 

Extirpation of 
dermoid Avith 
left phrenic 
nerve 

34.1 

23.4 

5 

5 cm. 0 cm. 


The loss of function after an irreversible damage to the jihrenic nerve is 
illustrated by Case 5, Table III. Five years after the operation the left 
diaphragm did not move and only 23.4 per cent of the total ventilation came 
on the left side. The oxygen uptake, on tiie other hand, was comparatively 
much better, i.e., 34.1 per cent of the total in spite of the low ventilation due 
to the damage of the phrenic nerve. It can be questioned if these values are 
representative as after the introduction of a Carlens catheter for broncho- 
spirometry, eveiy possibility for pendulum air is excluded, i.e., aii-, which 
during expiration, is moving from the i-ight lung over into the left lung. 
As, however, there Avas no paradoxical movement of the left diaphragm, 
it may be assumed that the pendulum air Avas absent or negligible and 
therefore the Amlues found at bronchospirometry are considered representative. 
The drawbacks of an inteiTuption of the phrenic nerve may be aAmided by a 
pei’ipheral mobilization of the diaphz’agm and a resuturing of the diaphragm 
with its intact nerve supplj^ at a higher leA'el. I have on several occasions during 
extrapleural pneumonectomies gone through the diaphragm into the abdomen. 
The diaphragm has then been resutured at the highest possible level. In one 
ease a pneumonectomy was performed under a 5-rib thoracoplasty. Instead of 
an extended x'ib resection, I mobilized the diaphi'agm and resutured it at the 
upper border of the sixth I’ib. The same result would probably have been 
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obtained more easily by a pliienic crush. After a lower and middle lobe 
lobectomy, however, I think the mobilization and resuturing of the diaphragm 
is prefei'rable to a phrenic intorniption. 

2b. Elevation of the diaphragm by mobilization and resutnring at a higher 
level: In the above-mentioned eases of extrapleural pneumonectomies the 
diaphragm with peritoneum was incised and resutured. This is a more rapid 
procedure than leaving the peritoneum intact. When an elevation of the 
diaphragm is performed as a planned operation, however, I leave the peritoneum 
intact in order to diminish the danger of herniation and infection. First an 
incision is made as peripheral as possible in the diaphragm (Fig. 3). The 
separation of the diaphragm from the j)critoneum is easily performed in the 
periphery and can be carried in to the centrum tendineum (Fig. I). The 
mobilization of the diaphragm is best .started posterioi’ly, where there is no 


ST.-UJ-l 



danger of opening the peritoneum. The diaphragm is then lesutuicd, either 
as in Fig. 5A, where it encircled the sixth rib and was sutured to itself and to 
the intercostal muscles jVfter a subcostal incision under the fifth rib, the 
diaphragm may be sutured to the fifth intercostal muscle bundle b.y a row of 
fine interrupted sillc stitches as shown in Fig. 5B. The latter method (Fig. 5B) 


Table IV. 


Llso Function Aiter Kesection of Eight Lower anb Middle Lobes With 
Eleiation of the Diaphragm by Moeilizatioh and Resuturing 




FUNCTION OF RIGHT 
SIDE IN % OF TOTAL | 

MONTHS 

MOVEMENT OF 


RESECTION OF | 


VENTILA- 

AFTER 

THE DIAPHRAGM 

CASE NUilDER 


0, UPTAKE i 

TION 

OPERATION 

RIGHT 1 LEFT 


middle lobes, 
diaphragm ele 
vatioii 


27.0 


32.0 
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Pig. 4.—The diaphragm is dissected from the peritoneum in to tlie centrum tendineum. 




Fig. 5.—The diaphragm is resutured; (a) around a rib, and (b) to an intercostal muscle. 
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is now preferred. Posteriorly the diaphragm is resutured to the muscles in the 
intercostal spaces with some heavy nylon sutures being tied around the posterior 
ends of the ribs (Fig. 6). AVith intact nerve supply, the resutured diaphragm 
will act normally in the postoperative period although its e.\cuisions are very 
small. The patients have unthstood the procedure well, with an optimum of func¬ 
tion and cosmetic result (Table lA'', and Figs. 7-1 and lli.) It is difficult, bow¬ 
er or, to say how much is gained by this more complicated proecdine in compari- 



Fiff C —Posteriorly the diaphraf.m is resutured to the Intercostal muscles and by sutures tied 

around the ribs 

son with a simple interruption of the phrenic nerve. In most cases a simultaneous 
upper osteoplastic thoracoplasty will be picferred. Only in a few cases where 
there seems to be no danger of infection may an elevation of the diaphragm be 
considered. 
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C. Diminishing the Space Drom Ahove .— 

1 . With an apical extrapleural plonibage: In 4 cases the thorax was dimin- 
ished by an apical extrapleural plonibage. After lobectomy through the lied 
of the sixth rib, an extrapleural pocket was developed through the bed of 
the fourth rib and filled with plastic material. There has been no .sign of 
infection for more than one year in these eases. As there is an intact and 
healthy upper lobe between the extrapleural plonibage and the resection area 
with the divided bronchus the danger of infection should be minimal. The 



Fig. 7A. 

and 7B .—Case 6. X-rays taken 6 months after resection of right lower and middle 
lobes with elevation of the diaphragm after mobilization and resutunng". 
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very bad experience with plombage on the whole has, however, for the time 
being made me abandon its use even in these cases. Nor has the functional 
result obtained encouraged me to further use of plombage (Table V). 


Tabt-k V. The Bemaikixo Lung Function Arrm Awcal Extravleukal pLOiiBAOE and 
I.. owErw Lore Resection 


C.VSE RESECTION OE 

NUilBEU EOUES 


FUNCTION OF 
RIGHT SIDE IN % 
OF TOTAL 
O, Ul*- I VENTILA- 
TAKE I TION 


YEARS 

AFTER 

OPERATION 


MOVEMENT OF 
THE DIAPHRAGi.1 
RIGHT [ LEFT 
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Conclusion: An extrapleural apical plombage in 4 cases has, after one 
year, not caused any trouble. The patients had negative cultures and nega¬ 
tive guinea pig tests with sputum and gastric washings. The oxygen uptake 
was, however, lower than in the other groups. No definite conclusion can 
be made about the functional result from a few cases. It is tlie bad expe¬ 
rience with foreign bodies that has made us hesitate to use this procedure. 



Fig-. 8.—Case 7. An x-ray taken one year after resection of right Io^\er and middle 
lobes with apical extrapleural plombage. Sixteen pei cent of the oxygen uptake and 29 pei 
cent of the ventilation come from the remaining light upper lobe. 

2. PHmary apical thoracoplasty with lower lohe lohectomy at a sec¬ 
ond stage: In order to diminish the space of the thorax, first an upper 5-rib 
thoracoplasty was performed. At a later date, the diseased lower lobe was 
resected, usually through the bed of the seventh rib. Five cases were treated 
according to this principle. The postoperative lung function obtained is 
shown in Table VI. 

Conclusion: A good functional result may be obtained by this two-stage 
procedure. A one-stage operation is, however, always to be preferred. Further¬ 
more, it must be considered m’ong in principle to perform a first stage upper 
thoracoplasty in a case with lower lobe tuberculosis, as the first operation 
(a) does not close a cavity in a lower lobe, and (b) will cause a more or less 
pronounced atelectasis of the healthy upper lobe in the postoperative period 
with shunting of blood through nonventilated alveoli. 
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Table VI. Lung Function AFxrai pRiifARY Apical Thoracoplasty and Lower Lobe 
Resection With Extended Thoracoplasty at a Second Stage 




FUNCTION OF 
EIGHT SIDE IN % 
OP TOTAL 

YEARS 



0, Ul- 

VENTILA- 

AFTER 

NUMBER 


TAKE 

TU>N 

OPERATION 


0.—A 52-ycaT* lo\Ncr Stage I 25,3 37.7 1 

olduoiiiBn and middle 2,3 
lobes Stage II 

-1-7 


ilOVEMENT OF 
THE DIAPHRAGM 

^ GHT^ I ^EFT 
2.5 cm. 4 cm. 


From a physiologic point of view tliis plan of treatment must be con¬ 
sidered unsatisfaetoiy and lias been abandoned by me. 

3. One-stuge lower lohe resection and upper osteoplastic thoracoplasty: 
In the last 10 eases of lower lobe tuberculosis in wbieb it has been found de¬ 
sirable to diminish the thorax, an apical osteoplastic thoracoplasty has been 
performed at the same time as the lung resection. 

This procedure is facilitated by operating on the patient in the face¬ 
down position with the upper part of the body tilted downward. In this 
way a subcostal incision under the fifth rib may be used. In this position, 
the lower lobe is pushed down into the incision by the elevated diaphragm. 
If the lower pulmonary vein is firet divided, the dissection of the lower lobe 
bronchus and artery is facilitated and there is no danger of damage to the 
middle lobe structures. When it is decided to complete the operation with a 
thoracoplasty, the posterior ends of ribs 2 to 4 are also divided to give a 
better exposure. After completion of the resection, the thoracoplasty is per¬ 
formed in the following way: Posterior parts of rubs 2 to 5 are resected in 
increasing lengths from above and downward (Fig. 9). Rib 2 is bent in 
the costal cartilage and fixed with a nylon suture through a drill hole and 
through the costovertebral ligament and behind the head of the rib on the 
fifth or sixth vertebra (Fig. 10). 

The second rib should, when fixed, be as close to the mediastinum as pos¬ 
sible. To obtain a fixation close to the mediastinum it is necessary to 
make an incision in the cartilage of the second rib near the sternum (Fig. 11). 
Then a row of 5 to 8 isolated sutures are used to fix the first intercostal muscle 
bundle to the mediastinal pleura in order to prevent any re-expansion of the 
lung medial to the new roof. The posterior ends of ribs 3 to 5 are fixed by 
nylon sutures through drill holes to the posterior end of the sixth rib. One 
nylon suture anteriorly through drill holes in the fifth and sixth ribs will 
approximate these i-ibs and then usually no more sutures are needed for the 
closure of the chest wall in this plane. It is not necessary to perform an 
apicolysis. The pleura may be incised at the lateral border of the first rib which 
is left intact. The mediastinal pleura is then left in place above the new roof. 
Wlien intact, the mediastinal pleura may be carried down to cover the bronchial 
stump, the resected area of the lung, and to separate the space above and 
below the roof. For drainage, two tubes are left intrapleurally and one is left 
above the now' roof. The functional result is shown in Table VII. 
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Fig". 9.—Posterior parts of ribs 2 to 5 are resected in increasing lengths from above and 

downward. 





tljr 10 —V diagram showing the fixation of the second rib with a nylon suture through a drill 
iiole mU pvased bclnnd the head of the flftli or sKtli iib 



Fjg 11—The new roof seen from above The ribs are bent m the costal cartil iges and 
fixed posteriorly by nylon sutures through drill holes A row of isolated sutuies fixes the first 
intercostal muscle bundle to the mediastinal pleura. Note tlie incision anteriorly in cartilage 
nf th(» sp<’nnfl nh ' 
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Pig. 9.—Posterior parts of ribs 2 to 5 are resected in increasing lengths from above and 

downward. 







li«r 


10 — V (Jlatnin sliouinj, the fixation of the tccond nb 
hole nnd jj is'-ud belUn 1 tlte he ul of the 


with a n>lon suture through a drill 
fifth or sixth I lb 



, root seen f™“> bent ‘n the costal cartllnBOs and 

. FIs 11 rne ne« ™°‘jures tliroufcli drill holes \ ro\v of Isolated sutures lives the tlrst 
^xed posterioi ■v by the pleura. Note the incision anteriorly in cartilage 

intercostal nit dc bunuie '•w 
nt the second j ib 
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Table VII. Luxe Fun'ctiox ArrEit One-Stage Lower Lobe Re.section and Ubper 

Osteoplastic Tiiokacoplasty 





FUNCTION OF 
RIGHT SIDE IN % 

1 OF TOTAL 

YE.VliS 

ilOVEJIENT OF 

CASE 

1 RESEC nON OE | 

0. UP¬ 

VENTILA¬ 

At TER 

THE DIAPHRAGII 

NUilBEP. 

LOBES 

1 RIBS { 

TAKE 

TION 

OPERATION 

RIGHT 1 

LEtT’ 

10.—A 30-year- 
old v\ Oman 

Right lower 
and middle 
lobes 

2-G 
fixed 
on 7th 

21.1 

31.2 

1 

5 cm. 

0 cm. 

11.—-A 22-year- 
old man 

Right lower 
and middle 
lobes 

2-0 
fixed 
on 7th 

25.1 

38.0 

1 

4 cm. 

0 cm. 

12.—A 19-year- 
old man 

Left lower 
lobe 

2-0 
fixed 
on 7tli 

77.0 

77.0 

1 

S cm. 

5 cm. 



Fig. 12.—A diagram showing the flap of intercostal muscle bundles, winch in case of seg¬ 
mental resection is placed directly on the resected aiea. This muscle flap uill diminish tnt 
Incidence of air leakage from the resected area and make the postoperative treatment easiei. 















Fig. 13.—Case 10 An x-ray taken one year after resection of right lower anti middle 
lobes with osteoplastic tlioracoi)la8t> Twenty-four per cent of the oxygen uptake and 34 
per cent of the ventilation come from the remaining right upper lobe 



Fig 14—Case 12. An x-ray taken one year after rest " with 

osteoplastic thoracoplasty Twenty-three per cent of Uie ox> t of 

the ventilation come from the remaining left upper ’ * 
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Table VII. Lung Function xVftek One-Stage Lower Lobe Eesection anb Ui*i>eu 

Osteoplastic Thoracoplasty 





FUNCTION OF 
RIGHT SIDE IN % 
OP TOTAL 

YErUlS 

MOVEMENT OF 

CASE 

RESECTION OP | 

0, UP- 

VE.M’ILA- 

AFTER 

THE DLXPHRAGM 

NUMBER 

1 LOBES 

1 RIBS 

TAKE 

TION j 

OPERATION 

1 RIGHT 1 

LEra 

10.—A 30-year- 
old M Oman 

Eight lo\5ei 
and middle 
lobes 

2 6 
fixed 
on 7tli 

21.1 

34.2 

1 

5 eiu. 

6 cm. 

11.—A 22-j ear- 
old man 

Eight lower 
and middle 
lobes 

2-0 
fixed 
on 7th 

25.1 

3S.0 

1 

4 cm. 

6 cm. 

12.—A 19-year- 
old man 

Left lower 
lobe 

2-6 
fixed 
on 7th 

77.0 

77 0 

1 

8 cm. 

5 cm. 
















FIp 13—Case 10 An x ra> taken one year after jtscctlon of riglit lower and middle 
lobes wUli ostcopl istlc tlioracoj)lnsty Twent> four per cent of tlie oxygen uptake and 34 
per cent of the \cntilatlon come fronj the remunmgr right upper lobe 



rig 14—Case 12 An x ray taken one year after resection of left lower lobe with 
osteoplastic thoracoplasty Twenty three per cent of the oxygen uptake and 23 per cent of 
the ventilation come from the remaining left upper lobe 
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Conclusion: In all these one-stage procedures ol lower lobe resection 
with upper osteoplastic thoracoplasty, I used in the beginning the lateral 
position making the ineision through the bed of the sixth rib and making the 
roof on the seventh I’ib. In the face-down position, however, a lower lobec¬ 
tomy is easily carried out through the bed of the fifth rib permitting a more 
horizontal roof with fixation of the ribs to the posterior end of the sixth 
rib. From a functional point of view the re.sults obtained Avere as good by 
this one-stage procedure as in the earlier two-stage procedures. Furthermore, 
the same function was obtained by this upper osteoplastic thoracoplasty as 
by the earlier basal thoracoplasties. The cosmetic result after an upper osteo¬ 
plastic thoracoplasty is, hoA\"evei', far superior, as the deformity is mainly 
localized to the axilla, and cannot be seen unle.ss the undrc.ssed patient lifts 
the arm. 

DISCUSSIOK 

In cases of lower lobe resection where the remaining lung parenchyma is 
healthy, the chest may be left intact. The resulting overexpansion will in¬ 
crease the minute ventilation and thus the respiratory Avork for the same o.xy- 
gen uptake on the side on Avhich the operation had been performed. 

A primary basal thoracoplasty Avill give a good functional result. The 
severe deformity folloAving such a procedure has, hoAvcver, made me abandon 
its use. 

Diminishing the thoracic cavity from above, thus displacing the upper 
lobe doAVUAvard to the diaphragm, Avill usually give a good functional result. 

A comparatively poor functional result Avas obtained Avhen an apical e.xtra- 
pleural plombage Avas used. A plastic plombage placed above a healthy lobe has 
so far not caused any trouble. The method is, hoAvever, at present abandoned 
in faAmr of the one-stage loAver lobe resection Avith osteopla.stic thoracoplasty, 
as the latter method seems to give a better functional result. An elevation of 
the diaphragm Avill, hoAvever, give as good or CAmn better result, but has so 
far only been used in a fcAv clean cases. (Only the functional Amhres of eases 
Avith unilatei’al disease are gtyen, in Avhich, from a functional point of view, 
insignificant nodules Avere found in the remaining lung on the side on Avhich 
the operation had been performed.) 

SUMMARY 

In order to diminish the thoracic caA'ity in cases Avhere this Avas indicated 
after a loAver lobe resection, a preliminary basal thoracoplasty AA^as carried 
out. The resulting deformity has prevented further use of this method. Then 
the remaining upper lobe has been displaced doAvmvard by an apical extra¬ 
pleural plombage and a primary upper thoracoplasty. The method of choice, 
however, seems to be an upper osteoplastic thoracoplasty performed at the 
same operation as the loAver lobectomy. The face-doAvn position Avill facilitate 
resection of the loAver lobe through the bed of the fifth rib, making the roof 
on the sixth rib. Both the cosmetic and functional results seem to be very good 
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by this one-stage procedure. Only in cases where tliere is no danger of infection 
has the diaphragm been mobilized and resutured at a liigher level. Then an 
optimal cosmetic and functional result may be obtained. 
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BILATEKAL KESECTION IN PULMONAEY TUBEKCULOSIS 

S. Nishi, M.D., A. Sato, M. Iwabuchi, M.D., T. Asano, M.D., 

M. Murata, M.D., K. Numata, M.D., and K. Tagawa, M.D. 

Okayama, Japan 

H itherto, patients who became candidates for lobectomy in the treat¬ 
ment for pidmonaiy tuberculosis were mainh’- those having a tuberculous 
focus on one lung onlJ^ When pathologic changes existed bilaterally, other 
methods were used with collapse therapy of the lung.-- * Recently, as lobectomy 
has become a safe procedure, and as the increased knowledge of pulmonary 
function has gradually added to the treatment of this disease, unilateral re¬ 
section with contralateral collapse therapy or bilateral resection has gradually 
come into use for the treatment of pulmonary tuberculosis. In a rural sana¬ 
torium of Japan where I am located, I see quite a number of patients in the 
outpatient clinic where such treatment is indicated. 

Since Eloesser’s report^ in 1932 on bilateral resection, there have been 
many reports on the treatment of bronchiectasis (Overholt,® O’Brien,® Kergin,^ 
Bisgard,® and others). Overholt used this method for the treatment of pul¬ 
monary tuberculosis, and since then Chamberlain,^® Lowell and Conklin,'^ and 
Shumway and his co-workers'® have reported nearly a score of such eases. 

In Japan, Shinoi'® and I made separate reports on this problem at the 
Sixth Annual Meeting of the Japanese Thoracic Surgical Association. In my 
first ease, the patient had large cavities in both of the lower lobes, and artificial 
pneumoperitoneum was performed for a year without results. Chemical therapy 
was tided also for several months, without adequate result. Therefore, a bilateral 
lobectomy on both lower lobes was performed in 1951. Since then I have per¬ 
formed such an operation on 28 patients at the National Okayama Sanatorium. 
Twenty-two patients who were operated upon by October, 1954, ivill be reported 
upon here, and from these results the value of this operation, as well as the 
preliminary examinations, will be discussed. 

SELECTION OF PATIENTS 

In performing bilateral resection, the dimension of the lesion, its site, the 
thickness of the pleural membrane, the movement of the diaphragm, the condi¬ 
tion of the bronchi, and the patient’s general condition should be considered. 
A separate bronchospirometric examination for each lung is needed before the 
operation. 

Preoperative Chest X-ray Findings (Pigs. 1-5).—In all of the cases re¬ 
viewed here, the dimension of the lesion was limited to one lobe and the character 

From the National Okayama Sanatorium, Hayashima-cho, Okayama Pref., Japan. 

Read at the Fifty-fltth Annual Meeting- of The Japanese Surgical Association, Kyoto, 
Japan, April 2 to 5, 1955. 

Received for publication July 26. 1955. 
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of the lesions were; (a) cavities, (b) localized caseous masses, so-called tuber¬ 
culomas, and (e) tuberculous bronchiectasis. When they were divided accord¬ 
ing to the type of case, 7 patients had bilateral cavities (of which one was tuber¬ 
culous bronchiectasis), D had a cavity on one side and localized tuberculous 
changes on the other, 5 had localized tuberculous changes on both sides, and 1 
had an extensive thickening of the pleural membrane. According to the classi¬ 
fication of the National Tuberculous Association, 4 eases were far advanced, 12 
wei’O moderately advanced, and G were minimal (Table I). 

The patients were from 18 to 40 years of age. When they were divided 
according to sex, 15 were males and 7 were females. The time fiom the onset 
of disease to the first operation was 6 months to G years, 9 months, an average 



Figs. 1-5.'—^Preoperati\o x-ray flnt' 
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another both upper lobes and the left S 6 were resected (8 segments and 44 per 
cent of the lung removed). After 2 years and 10 months, respectively, these 
patients are still working without difficulty. 

CubectQiyr (S cases) 

^^9(1) 7seg.(2) 7seg.(/) 

B) Lobectomy + Sementai Resection {1 cases) 


C) Bilaterot ScjmcntaC Resection (10 cases) 

2 se^.( 2 ) ^ses.(l) 

Fig. 8.—E.xtent of resections. 

THE OPER.VTIOX 

1. The Method of Operation. —Due to the problem of preserving pulmonary 
function and to the advances in chemotherapy, there liave been many opinions 
as to whether thoracoplasty should be performed after segmental resection or 
lobectomy. In my cases where lobectomy of both upper lobes was performed, 
obliterative thoracoplasty was not done. When, however, a large cavity existed 
or the patient had a tuberculous bronchiectasis on one side, a planned thoraco¬ 
plasty was performed a month before the main resection in order to prevent 
any postoperative complications.^^’ I have fouifd from experience that when 
there was a tuberculous focus in the left upper lobe, resection of Si ,.2 and S 3 
was perferable in many cases to a complete lobectomy. 

2. The Elapse of Time Between the Tivo Operations. —There was a period 
between operations of cases, 3 to 6 months in 7 cases, and under 3 months in 
6 cases. When a bilateral resection was planned and if the patient’s condition 
after the first operation was good, it was usually'- possible to perform the second 
lobectomy about 4 months after the first one; in eases of segmental resection 
it was 3 months. Simultaneous bilateral segmental resection, started by Over¬ 
holt, is possible if the patients are picked carefullj’- according to other factors 
(Shumway and associates^®). I had 2 cases where simultaneous bilateral seg¬ 
mental resection (Si, and Si,. 2 ) was performed and the postoperative course 
was uneventful, without either dyspnea or cyanosis. Both of the patients had 
fully recovered at the time of their discharge from the hospital. The selection 
of patients should be done very carefully and the condition of the patient after 
the first operation should be considered before applying this method. It is 
best not to prepare for a simultaneous bilateral resection at the beginning. 

3. Picking the Site of the First Operation. —It is generally believed that 
the side which has the larger focus should be operated upon first. By removal 
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3sej. ( 3 ) 
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of the major focus of the disease, a large contagious foeus may be removed 
which will help Ihe patient to recover function. Furthermore, this would de¬ 
crease the operative wound on the contralateral side of the lung. When the 
degree of the disease between both sides is about tlie same, the anatomic rela¬ 
tion and the influence of the cardiac function should be considered and usually 
the right side is the one operated upon first. 


f'-!’ 


Si-) 





0 B fa'wil 
4 Ulfcrj-Iiy rSrq 

» 3.laffrj| Si,, W-.fcfafl 


9.—Pre- and postoperative vital capacity in bilateral resection. 


THE POSTOPERATIVE PULJIONARY FUNCTION 

As O’Brien,” jrannLx,*' and Hayashi'” have already stated, of all the 
causes of postoperative disturbances in the pulmonary function, the main danger 
is from pleural complications. In these, the thorax and its contents, the lung 
parenchyma, bronchi, and the chest walls are all involved. The postoperative 
re-expansion of the lung is a more serious problem in bilateral pulmonary re¬ 
section than in a imilatoral resection. The surgeon must also know how much 
pulmonary function the individual must recover to be able to return to his 
ordinary life. The operation is only possible when an adequate pulmonary 
function is assured after the operation. Kano,” as a result of his experience in 
bilateral thoracoplasty, states that a vital capacity of 1,500 o.c. is needed for 
the individual to lead an ordinary life. 

Fig. 9 shows the vital capacity changes before and after operation. There 
is only 1 case (a woman) where the vital capacity was below 1,500 c.c. after 
a bilateral pulmonary resection. Most of the patients who had bilateral seg¬ 
mental resection (Group C), and unilateral lobectomy with a contralateral 
segmental resection (Group B) had a vital capacity of over 2,000 c.c. Their 
volume loss in vital capacity was smaller than those who had had a bilateral 
lobectomy (Group A). The volume loss in the vital capacity to that of the 
preoperative value and the rate of decrease are shown in Fig. 10. In Group A, 
as the vital capacity was smaller than that of Group B, actually the volume of 
loss was also small, but the rate of decrease paralleled the amount of resection. 
Those in Group C, where collap.se therapj' was performed before the operation 
(Group C(b)) there was rather an increase in the vitai'capacity after the 
operation. 

When the vital capacity and the maximum breathing capacity were ob¬ 
tained with spirometry, the average value in 12 cases was, re.speotivcly, ' 
c.c. and 00 L. per minute, and the percentage to the p- '’TJ^’inai vnl 




678 


msill ET AL. 


J. Tiiorncic Surg. 
June, 1956 


lower than 70. This was especially low in Group A (Fig. 11). But, this result 
was higher than those receiving bilateral extrapleural pneumothorax (VC 60 per 
cent, MBC 50 per cent), or bilateral thoracoplasty (average of 3 cases, VC 30 
per cent, MBC 40 iDcr cent), and from the point of pulmonaiy function it was 
far better. 
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i'ig. 10.—L 1 OS.S of vital caiaicity witli bilateral r esec tion. Ma.'ciinuin I I : iMiniiiiuni '< 

Average ■■. 

ilRONCUOSUmOJlETKY BEFORE AND AFTER OPERATION 

Iwabuchi examined the pulmonary function using a Carlens catheter before 
and after operation in various kinds of chest operations, and his results for 
bilateral pulmonary resection are shown in Table II. 



21 3'/ HO 2'1 26 2 5 28 21 Uo 36 JB 3/ 

Fig. 11.—Postoperative ventilatory function; MBC and VC, as per cent of predicted (VC 
average, 2.326 c.c.; MBC average, GO L. per min.). VC : MBC IBi . 

There was a decrease in oxygen consumption in all of the groups but there 
was no significant difference between the three. The decrease in the minute 
ventilation was especially large in Group A, but in Groups B and C they did 
not differ much from the value obtained before the operation, showing just a 
slight decrease. The respiratory count slightly decreased in Group B, but 
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Groups A and C were the same as before the operation. The value of ventila¬ 
tion equivalent was about the same as before the operation, and vital capacity 
paralleled pulmonary resection. 

In Figs. 12 and 13 are shown the comparison of vital capacity (tidal vol¬ 
ume, expiratory reserve volume, inspiratory reserve volume) and oxygen con¬ 
sumption between the three groups with the results from a typical case repre¬ 
senting each group. The ability for each individual to live a normal life after 
the operation should be judged by liis actual mode of life, but as this is quite 
difficult to do, a load-adding exerci.se performed after the operation could be 
used as a gauge. Spirometry before and after exercise is shown in Table III. 
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Pig. 12. Fig. 13. 

Pigs. 12 and 13.—Pre- and postoperative bronchospirometry. 


and both the oxygen consumption and the minute ventilation were increased in 
all of the three groups. And in Groups B and C, the value was similar to that 
of before the operation. The increase in the respiratory rate and pulse rate 
were below 4 per minute and tliere was only a slight increase in the ventila¬ 
tion equivalent. IMBC increased by 9 L. per minute in Groups A and B, and 
in Group C it was slight. In other words there was no serious disturbance ob¬ 
served in the pulmonary function before tlie load-adding exercise. 


INFLUENCE ON THE CARDIAC FUNCTION 

Tagawa and Numata made an electrocardiographic study of cardiac func¬ 
tion before operation and for six months after operation. In the experiment, 
standard limb leads and unipolar chest leads were used. The changes in the 
cardiac axis had a tendency to show a right axis deviation immediately after 
operation. The inverted Ti and the flatness of Ti wave were observed. Pre¬ 
viously a light myoeardiae disturbance was observed in all of tlie cases (espe¬ 
cially in Vi -Vg waves) and digitalis was given to 3 patients in whom recovery 
seemed likely. Immediately after operation, low amplitude, flattened Ta and 
inverted Tg and depressed S -Tg, probably caused by hypoxia, were observed. 
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Table III Postofleative VENTiLAioKi Puaotion at Rest iab During Exercise 



1 

(A) 

111 I ATI-It vr ' 

lOBI-ClOMl 1 

(B) UMLATLBVL 

1 OllECTOMV 
CONTUAI VTEPVr 
ULSLCTIOV 

(C) BILATEIlaVL 

1 SIGMENTAb 

' nv SECTION 


VI Kl-ST 

bURINO 
> \ERCIf>> 

An LST 1 

bURINC. 

IXFKCISb 

1 ATlEbT 

DURINC 

FWRCIS! 

Os consumption (cc ) 

27*1 

JIO 

265 

293 

292 

304 

Minute \entjlation (L ) 

9» 

115 

10 0 

10 4 

11 5 

12 0 

Respiratory into 

13 

17 

16 

16 

17 

19 

Ventilation equnaknt 

37 

3<) 

3 7 

36 

40 

42 

\ital capacity (c c ) 
Expiratory rcscryc volume 

1,8 jO 

1,825 

2 5bS 

2,565 

2,670 

2 645 

(cl ) 

7i'> 

b70 

793 

817 

788 

805 

'lidal yoluniL (cc) 

Inspiratory reserve volume 

5b0 

500 

G50 

b74 

b03 

583 

(cc ) 

M ixiinum lireatlniit' c ip leity 

0 lo 

tiOO 

1,125 

1,071 

1,280 

1,2jS 

(L) 

44 0 

53 0 

03 1 

72 b 

Oil 

65 2 

Puhe rite 

S3 

87 

101 

105 

76 

87 

\ir veloeity index 

1 1 

11 

1 0 

1 2 

09 

1 0 


but the patients iCLOvcied neatly to noimal uitliin four weelis Six montl 
postopeiatnely, the loadings neic iinpioicd o\ei ivliat they had been befoi 
the opeiation Immediately aftci opciatioii, changes by paradoxical inovemei 
weie obseived, but no disturbance by smus or auiiculoieiitiiculai blocks no 
obseived Si\ months aftci the opeiation the ciiculotioii time (aim tongu 
ciiculatiou. time) was measuied by injection of lobeline and its nitiiimuni time wa 
5 6 seconds, its maMinuni 11 S seconds, and its aveiage 0 5 seconds, winch wei 
within iioimal limits Six months aftei the opeiation the two step method b 
Jfastei was peifoimed and an elcetrocaidiogiam was taken befoio and after th 
exeicise, them neie no soiious changes besides a slight tachycaidu (Figs 1 
and 15) 

RESULT OF THE OPLRITION 

The lepoited icsults (Lowell and Conklin,” Shumnay and associates' ai 
that bilateial lesectioii was lollowed by no inoie complioations than uiiilaleial ic 
section (Table IV) 


Table IV Postopepative Complicviion' 






CONICLIN 1 


AUTHOR 


(17 CASES) I 


(22 eVSES) 

Bronchopleural fistula with enipjtma 

-> 

0 

0 

Bronchopleural fistula vvitliout empyeuia 

X 

0 

0 

Empyema v\ithout fistula 

0 

0 

1 

Postoperative exacerbation 

o 

0 

0 

Contralateral pneumonia 

1 

0 

1 

Cyanosis 

0 

1 (tracheotomy) 

0 

Wound dehiscence 

0 

1 

0 

Air leak 

0 

1 

0 


Oui patients weie obseiied foi eight to twenty foui montlis aftei the opeia 
tion, and though they need furthei observation, we aie giving the lesults u] 
to the piesent time Tlieie have been no postoiieiative deaths or bionchia 
fistulas in these cases Theie was one case of eniiiyema aftei the secoiu 
opeiation but it was tempoiarj and localired Aftei ticatmoiit by diainagi 
of the tlioiax, intiathoiacal washing, and aiitimiciobial theiapj, the empyeiii 
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receded without the need for obliterative thoracoplasty. There was one case of 
reactivation of the diseased focus in the contralateral side after the first opera¬ 
tion and because of this the proposed area for resection in the contralateral 
side had to be enlarged. The postoperative course of the other patients was with¬ 
out complication. In the culture test after operation, there was only one posi¬ 
tive case, the others were negative by smear and culture. The symptoms have 
receded in 10 patients and they have returned to their ordinary way of life. 
The remaining patients will be discharged soon to their usual pursuits. 


Pre Exercese 



Fig. 11. 


Fig. 15. 


Fig. 14.—Postoperative electrocardiogram of bilateral lobectomy ca.se befoie and after 

exercise^ 15._Postoperative electrocardiogram of bilateial segmental resection case befoie 
and after exercise 


CASE KEPORTS 


Case 1.—Bilateral segmental resection. Tlie patient nas a 3o-year-olcl man \Uio lie 
came ill during the spring of 1953. The preoperative ehest x-ray ^ J ^ ^^^left 

and dark shadows are seen in both of the upper pulmonary fields. f was 

side. Tuberculous bacteiium in the sputum was positive, showing ^ 

3,900 c.e. Breath-liolding time, 60 seconds. Left segmental resection ^ ^ 

formed in September, 1953, and 3 months later a riglit segmental ^^f^^^JtooJ.ative x-ray 
The postoperative course was satisfactory and without dyspnea. p P 

finding is shown in Fig. 17. Sputum cultuie gave negative findings to 

time of discharge (8 months later) was 3,600 c.c. Recen ly ^100 c.c., 

the outpatient clinic (1 year, 5 months after operation) the is able 

whieh was greater than that before the opeiation. The man, who 

to so into the forest to cut wood without difficulty. Tim natient 

Case 2.-Unilateral segmental resection with cratialateral pj,, e^ative 

was a 25-year-old man in whom symptoms appeared m ^ 1 l^^ed dark 

x-ray finding is shown in Fig. 18 and a cavity is seen and 1 

shadow to the left. As the sputum was positive for t'^^®‘^';^°;^%^“‘\7oiacoplasty wa.« 
desired operation. In November, 1953, a right upper lobectomy with P 7 
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performed and 3 months later a segmental resection was done on the left side, with a satis¬ 
factory course. Eleven months after operation, the patient was discharged and is now 
performing his everyday work without trouble. The postoperative x-ray is shown iii Pig, 
19, and tlic present vital capacity is 3,300 c.c. (000 c.c. less than preoperatively). Breath- 
holding time is 56 seconds. 



Flgr. 10. FJff. 17. 

Figs. IG and 17.—Case 1, Uocntccnograins of a patient who had a bilateral sogmontal re¬ 
section. Fig. 1C, i)rcopcratlve; Fig. 17, postoperative. 

Cask 3. —Bilateral Idhcctoiny. The patient was a ll7*ye;u-old man who developed tubor* 
culosis in 1949. Extensive foci were found in botli lung areas and after four years of rest 
and cliomotherapy, the sputa tests were still positive and the patient desired operation. 



Fig. 18. Fig. 19. 

Figs. 18 and 19.—Case 2. Roentgeiiogran»5''of a patient wlio had’a.unilateral segmental, re¬ 
section with contralateral lobcctom " preopcratlvo‘ postoper-if: 
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Preoperative vital capacity was 2,350 c.c. Eoentgciiograin of the chest is shown in Fig. 20. 
There was a severe de\iatioii of the mediastinum to tlie loft, the lung appeared contracted, 
and cavities w’ere seen in both lungs. Tlie patient was not a good candidate for operation, 
but one was perfoinied as a last resort. Thoracoplasty was not possible because of the 
pulmonary function, so consultation was held to decide what should be done for the con¬ 
tralateral side after performance of a lobectomy on the unilateral side. Fortunately, the 
vital capacity was 700 c.c. by bronchospiromctry postoperatnely on the operated side, so. 



Fig. 20. Fig 21, 

Figs 20 and 21.—Case 3. Roentgenograms of a petieut who had a bilateral lobectomy. Fig 

20, preoDerati\e, Fig 21, postoperati\e 



Fig. 22. Fig. 23 

Figs. 22 and 23 —Roentgenograms of a patient who had a bilateral segmental resection 
Fig 22 shows dark shadow m the bilateral ape-v bcfoie operation. Fig 23 is a postoperative 
x-ray levealing complete re-expansion without rib resection 
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after four mouths, the second operation \va® peiformed. Tlicro was no poatopcrntivo dyspnea 
and the patient’s course was satisfactory. No tubercle bacilli were seen in tlio culture or 
the smear. The vital capacity after both operations was J,000 cc. and the breath Iioldin^; 
time was 30 seconds The postoperative \ ray is shown in Eig 21. No thoracoplasty was 
performed The patient was discharged a jear later .ind is now working as a citrk. 


C0NCLU.S10N 

We have leported on 22 cdsci of bilatcial reseetioii eight montlis after 
opeiatioii 

Judging hy t!ie postopciatne lesiiUs in these patients and their pulnionaiy 
and caidiac functions, if tlie eandidutes lor opeiation aie picked witli caie, 
Inlateial leseotion seems to be succcsstiil in letuuimg these patients to their 
oidinaiy way of life. 

The largest leseeted area m one case was 8 segments of both upper lobes 
and the left SG and 9 segments ot both lower lobes. There weic no postopeia- 
tive difficulties. 

After a rigid examination, if this method seems adaptable to the ease, 
indication, of pulmonaiy lescctioii can he extended to a greater dcgiee. This 
would give nioie liope to tlicsc patients. 

In closing, we would like to stiess the imjioitante of hroiieliospuoinetiie 
examination in this type of operation. 
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A TECHNIQUE OF PEEICAEDIECTOMY 

Clarence A. Bishop, M.D., and Eayjiond J. Lipin, j\LD. 

Little Eock, Ark. 

A TECHNIQUE of pencardieetomy is presented which has lieeu used suc¬ 
cessfully in a number of eases of constrictive pericarditis at this liospital 
during the past four years. 

The outstanding contribution and greatest iinjietus to us was the trans- 
sternal incision described by Julian Johnson. In using and having seen used 
various other sternal splitting and transeostal incisions on previous cases, 
great difficulty was encountered due to lack of exposure, particularly in 
decortication of structures of the right side of the heart. 

We used the transsternal approach for the first time in July, 1951, and 
have become enthusiastic about the incision. The exposure is adequate for 
extensive decortication of all or any portion of the heart without recourse 
to second-stage procedures. With an anesthetist experienced in endotracheal 
anesthesia, this approach is as safe as any other type of incision (Figs. 1, 2, 
and 3). 

The closure is surprisingly ea.sy. The sternum is readily approximated 
with wire sutures through bone only. As a precaution, in 2 cases, pericostal 
wire sutures were also used, but this is not usually necessary. In 1 ease, three 
pericostal wire sutures were removed postoperatively due to nodular reaction 
about the sutures. 

The etiology and diagnosis of con.strictive pericarditis have been described 
thoroughly by others, particularly in the classic thesis of Holman. Our pre¬ 
operative management was similar, tuberculosis being suspected in all cases. 
It should be emphasized that postoperative treatment for tuberculo.sis should 
be intensive and extend over at least a one-year period. One of our first 
patients had received treatment for only six months postoperatively, and two 
yeax’s after decortication had a reactivation of pulmonary tuberculosis. After 
intensive therapy, the tuberculosis is arrested again, and the patient has been 
back at work for one year. 

TECHNIQUE 

The patient is placed in the supine position, and an endotracheal tube is 
passed under a combination of local and Pentothal anesthesia. Large-sized 
polyethylene tubing or 15-gauge needles ai*e placed in the veins of each leg 
for rapid administi’ations. A simple infu.sion is started in the antecubital vein 
for the administration of procaine or other needed medications. Fluids are 
kept at a minimum until the decox’tication is completed. Electrocardiogram 

From the Surgical Service, Veterans Administration Hospital, Little Hock, Ark. 
Received for pubiication Juiy 28, 1955. 
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leads, are attached to both arms aud legs, using eight-foot extensions. The 
electrocardiogram writer is kept at the head of the table under the super vision 
of the medical caidiologi.st. Continuous tracings are needed so that manipula¬ 
tion may he discontinued for shoi-t intervals when irregularities in the tracing 
oceui'. It is a distinct aid when decortication h, done about the coronary 
arteries, for a current of injury is immediately seen in the tracing, even on 
compiession only of the artery. This change will soon disappear unless ])erma- 
nent damage has been done. 



FIjt. 2. 

Figs 1 and 2—^Variations in the incision which may be used to meet existing conditions 

After appropriate skin preparation and dratring, an intercostal incision 
is made in the left fifth interspace from the iateraLborder of tlm "ootor'Jij.s 
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major to the sternum. The left chest and heart are explored and the diagnosis 
confirmed. The incision is carried over the sternum and into the right fifth 
interspace to the lateral margin of the right pectoralis major. The right and 
left internal mammary vessels are identified, ligated, and divided. The attach¬ 
ments of the heart to the undersurface of the sternum (the superior and in¬ 
ferior sternopericardial ligaments) are then dissected. A Gigli saw is passed 
substernally and the sternum severed at the level of the fifth interspace. The 
excess tissue of this ligamentous attachment of the heart is excised. This 
leaves a clear area varying from one to two inches in width where the process 
of decortication is begun. 

An incision just to the left of the midline and longitudinal to it is made 
with a No. 15 blade knife held obliquely in this “clear” area. The left margin 



Fig 3.—Shows ide exposure afforded by the incision, and the attachments of the supei loi 

and inferior sternopericardial ligaments 


is picked up with a small Adson tissue forceps and a line of cleavage developed. 
In theory, it seems only logical first to decorticate the left ventricle to relieve 
pulmonary engorgement, which might occur if the right ventricle were dis¬ 
sected first, and to mamtain a stabilized systemic pressure. In actual practice, 
due to ease and safety of decortication, that part of the right ventricle left 
of the midline is decorticated first. In no case was cardiac failure or pulmonary 
hypertension noted. Other observers have decorticated the entire right heart 
with similar results. The left ventricle, particularly the apex, is then decor¬ 
ticated before surgery of the remaining right heart. At surgery, the right 
ventricle and apex, the remaining left ventricle, the right atrium, inferior vena 
cava, superior vena cava, and left atrium have been constricted to a greater 
degree in the order named. 
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In all cases performod, two separate and distinct layers have been found as 
recorded by other authors. The outer layer will separate rather easily and 
rapidly with finger dissection. This layer is the greatly thickened tibious layer 
of the pericardium and is firmly attached, and may be fused to the central tendon 
of the left side of the diaphragm. It is much safer, but may be more time eon- 
buming, to free and excise this outer layer fiist since the outline of the coronary 
vessels becomes visible when it is removed. Cardiac contractions become more 
forceful and aic depicted, in most eases, by increased amplitude of the QR.S 
complex. The right and left heart are freed of this outer layer beyond the 
border of the phienie nerves to the coronary sinus on the left and the sulcus 
terminalis on the right. Both iihreiiic nerves are fieed, cutting away the rind 
as close to the nerves ns safety will permit. 



4—Shows the Uno layers of the thickened ijcricariiluin anJ hon the nnd is left intact 
In followintr the adxancint; line of clea\age 


The deep layer, though not as thick, is the true adheient and constiictive 
rind. It is composed of the thickened seious layer of the iicricaidium. This 
rind is caiefully inchsed, again just to the lett of the midline in the “clear” 
aiea, and the correct line of eleav.ige between the visceial epical diiini or 
caidiac musculature and the rind found and developed. We have observed no 
tat in this aiea. This is probably the most difficult and tedious part of the entiie 
pioeedurc. The decortication continues to the left over the right ventricle with 
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finger dissection developing the line of cleavage. Occasionally a tough band of 
sear tissue Avill have to be cut to prevent tearing into a ventricle. If the rind 
is left intact in following the advancing line of cleavage as described by 
Bigger, and others, this may be tacked down again should a ventricle be in¬ 
advertently opened (Fig. 4). The right ventricle and atrium, of course, is 
much thinner tha 2 i the left and we entered it on one occasioii. Following the 
recommended technique, the tear was easil}’’ closed with negligible blood loss. 















Fig 5A .—ElectroCciidiOKiam before iuigeiy 
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This patient, having been bedriddcu for four months prior to surgery, now 
drives a large truck for a living, so it is presumed there have been no untoward 
effects. Electrocardiogram tracings of this ijatient show only ciianges consistent 
with diaphragmatic ischemia (Figs. 5A and 5S). 

As the process of decortication continues, when the interventricular blanch 
of the left coronary is reached, extreme care should be taken because the inner 
layer may be fused to the wall of the blood vessel. This is particularly true 
wlien, after releasing the apex, the posterior and inferior surface of the left 
ventricle is freed, for it is here that the marginal branch may be damaged. 
It may be necessary to leave a small band of rind in this aiea. Decortication 
continues to the m.ugin of the eoionary sinus posteriorly. In our cases, the left 
auricle has been relatively fieo of any constriction. 






iB Electroc.arUiogr.on after surgery. Tiacings after suraerj sligu i„ila cliaiiKCa con¬ 
sistent wltli dluphragmauc ischemia ciiangca con- 
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The i-ight border of the inner layer is then picked up and the rest of the 
right ventricle, right atrium and its appendage is freed to the sulcus terrainalis, 
freeing the superior vena cava and the conus, superioidy. 

The inferior vena cava is decorticated last. The rind is tough in this 
region, and the vessel is friable anteriorly because it is here that the inner 
layer of the pericardium may be confluent with the wall. Posteriorly, we have 
found the vessel to be relatively free. This completes the pericardial decortica¬ 
tion (Pig. 6). 



Fiff. G.—Heart at completion of decortication. 


In closing the incision, two holes are drilled through botli cut margins of the 
sternal bone and No. 26 Avire passed through to the corresponding side. Inter¬ 
rupted sutures are then taken through tlie pleura and intercostal muscles, all 
sutures being held. Appropriate size catheters are then brought out the lateral 
margins of the incision to drain the I'ight and left chest, respectively. The 
catheters are connected in the usual fashion to three-Avay, pressure regulated, 
underAvater-seal bottles and to Gonco suction apparatus. 

The rib approximator on each side brings the Avound edges together easily 
and all sutures are tied beginning Avith the steimal Avires. The rest of the in¬ 
cision is closed in layers Avith interrupted sutures. To complete the procedure, 
x-rays of the chest are taken Avhile the patient is still on the table to be sure 
both lungs have been re-expanded. The patient is then moved to the recovery 
Avard for postoperatiA'-e care (Figs. 7 through 11). 
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Fig 11—Shows typical tubercle formation in a case of constrictive pcrIcarUitis In 
this case, tubercle bacilli could not be cultured or found by acid>fa&t stain. (Tubcrclo bacilli 
were found by acld^^fast stain in 3 of 10 cases—none could be cultured ) 


Sl/itSURV 

1. A technique of pci ieardiectojuy is piesented. 

2. Decortication is begun in the “clear” azea of the heart (tiie aiea of tlio 
attachments of tlie superior and inferior steruoperieardial ligaments). 

3. Hind is left intact in following tlie advancing line of clcaiage as described 
by Bigger and otJieis. 

•1 The apex and that portion of the light ventricle to the left of the mid¬ 
line is deeoiticatcd fiist, followed by the left ventricle, and the remaining 1 ‘ight 
heart and great ^ eins. 

5. The inferior vena cava is decoiticated last. 

G. Closure is easy. 
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THE SURGICAIj TREATMENT OP PULMONARY TUBERCULOSIS IN 
JIENTAL PATIENTS 

Jon^ P Plrbi, Jn , :M D ,* P John Lew is, M D , Bern vrd Zimmeuai vn, M D , 
Fl! \NOIS r C VLL VH IN, M D , AND OiOBOE B PIHB, M D 
Anonv and Minnevpolis, Minn 


INTRODUCTION 


T he iMpoitADcc o£ tulieieulosis ui nieutal insUtuUons was leeognued m 
Minnesota as caiiy as 1897 and sepaiatc facilities foi the isolation of mental 
patients iiith tnbeieulosis were provided at two of the State institutions during 
the fiist decade of the twentieth ceiituij Hoiievei, it was not until 193d tliat 
an effeotne progiain foi contiol of this disease in State institutions actually 
began'' That jeai, Di Hoibeit A Burns suiveycd, by tubeieulm test and 
\ laj esaniinatioii, all inmates and pcisoiinel of the iiiiio State institutions loi 
the iiientallj lU m Minnesota Ills study," showing an luordinately high nici 
deuce of tubcioulosis among both the patients and those cauiig foi them, led 
tientiialiy to the establishment of a separate tnbeieulosis hospital for all men 
tail} ill poisons, the Hoibcit \ Bums Mcmoiial Hospital, wliioh was opened 
as part of the Anoha State Hospital in 1950 

Since Ju!}, 1952, suigical treatment at the Bums Hospital lias been ciriied 
out 111 conjunction with the Department of Surgeiy of The Uniioisity of 
Minnesota Some of our eailiei cspeiicnce in tieatmg tlicse patients has been 
lepoited pieviouslv * “ ai(,gig j,, ^ current smumaiy of oui accomplish 

nionts in this special gi oup ol patients 

The aehieienient to he icabzcd in heating these patients is less than that 
attained in patients wuhimt mental disease “With few exceptions, these in 
dividuals are peiminent lesidents of mental uistitutioiis Neieitheless, most 
of those who ha\e i ad pulmonaiy icsections can bo remoied fiom the isolation 
and confineiiieiit luicssm m a tnbeieulosis hospital Fiuthojiiioie, they no 
longei thieaten tin lieahli (t othei mental patients, the hospital attendants and, 
iiidiieetlj, the po/nilatioii i1 laige 

To aclueie tlnse ends ivc haie felt that it is best to i amove surgically all 
foci which might v.ith time i auivate Before dLscliaige from the Tubeieulosis 
Unit, It is import lilt that tlu sputum and gastric cultuies of tieated patients be 
consistently negalne foi ui m i<d hospitals tlie disease is apt to be contagious 
Based on this line of leasonn i ciiteiia foi opeiation have been more libeial 
than those usurllj unploul pitients without mental disease AVe have 
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operated upon all patients in relatively good physical condition if the disease 
was quiescent and not so widely spread as to prohibit the reinoval of all sig¬ 
nificant caseous and cavitary foci. 

CLERICAL Al.Vl'EIUAL 

To March J, 1955, 187 patients have had pulmonary resections. AU patients 
have received at least four months of antibiotic therapy prior to surgery, and 
a total course, both pre- and imstoperativcly, of at least twelve months. One 
gram of streiJtomycin twice a week and 200 mg. of isoniazid daily have been used 
routinely with para-aminosalicylic acid as a substitute or additional drug in 
some eases. Bed rest has played little or no part in treatment chiefly because 
enforced bed rest, among the mentally' ill, is not practical. 

A(/e and Sex .—As shown in Table I, our i)aticnts have been older on the 
average (46.6 years) than those in any reported series of patients treated by 
pulmonary i-esection.‘' '■ Approximately 40 jjer cent of our patients 

were in the fifth decade of life or older. There was a preponderance of men 
over women in the ratio of 1.35 to 1. Thus, it seems that, at least among mental 
patients, tuberculosis is characteristically a disca.se of aging men. 


Taolk [. Aon Distuibutiox by Decades op Patients Uxdeucoino Resections pok 

Tubercui.osis 

(itANCE: lS-7;t YE.VKS) 


AGE 

.NTJ.MBER OP I’.VTIENTS 

11-20 

1 

21-30 

20 

31-40 

37 

41-50 

50 , 

51-00 

50 

01-70 

21 

71-80 


Total 

187 


Mortality Rates and Complications .—There were 16 deaths, early and late, 
in the entire group, an over-all mortality rate of 8.5 per cent. The causes of 
death are given in Table II. Eespiratory complications in the postoperative 
period have been responsible for the greatest number of deaths. This reflects 
the difficulty of postoperative management encountered in uncooperative pa¬ 
tients. Tracheotomy has been utilized twelve times after operation but despite 
this and the frequent use of bronchoscopy, pneumonia and atelectasis have been 
the most common causes of death. 


Table II. Causes ov Death in Patients Undergoing Pulmonary Besections 


Atelectasis and pneumonia 

9 


Empyema, bronchopleural fistula 



Massive pulmonary hemorrhage 

1 


Pulmonary embolism 

1 


Mediastinal flutter (flail chest) 

1 


Cardiac arrest 

1 


Cause unknown 

1 

__ 

Total 

16 
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Bioiiehopleiiial fistula lias also been a tioublcsoiiie late postsuigical comphea 
tion It occuiied in 13 patients follottiiig uuilatcial leseetion and in 1 patiint 
folloMing both sides ot a st iged bilatti d opiiatioii T«o deaths lia\o oceuiied 
among the patients uho base bad theso hftcen bioneliopleiiial bstulas, a moitalitv 
lato ioi tills tomplieatioii of 13 3 pci ceni One of these deaths followed an 
unsutcessfid attempt at closuie bj a muscle dap tiansplant and the othei death 
was due to empjema, m this case the bioiiehopleunl fistula was not ieeogiiizc<l 
until autopsj Among the 13 rcmaiiiiiif, patients with fistulas thoiieoplastc 
plus catlietei diainagc was a successful titatmcnt in all csiopt J These i 
leiiuiicd a iiuiscle flap opoi itioii foi iIomiic iltci a thoiacoplastc had piocod 
inadequate 

of flpc'UfioJi—Uuilatcial usoetiuns weie ptiloimed on 14() paluufs 
and bilateial opoiations wcie eomplcl(d in II othcis (Table III) In the tihh 
it will he noted that tlio moitality i ite has been highest among jiafiiiits wlio 
hue had a uuilatcial lobectoiiu The esplaiiation ot this is not ippiKiit loi 
the tuises of death iii this gioup ha\e not been mitciiall} difl< unt tiom the 
causes ot death aftci othoi pulmoiiaij icsectioiis I nilateiil scgnuntal usirtion 
has been followed b\ a more acceptable moilahli i itc ot 3 1 pei < iii Stdl 
iiniiy of the patients iii this gioup base had imilti] h Moments iciuom I iiid tlie 
incidence ot compheatioiis has been is high is if was lollowmg 1 hednne 
liideid, all hioiichoplemal fistulas c.\cept one occmi d litei sigiiuntd usuuoii 


Tcatb III PULMOKIRV RrSECTIOVS U)K TiIBUCI IOSIs 


rwi, Oi 0PLK-\T10V | 

t NUMBER Oi PATIENTb | 

1 i \Tlls 

I Unilateral Operations 

Lobectomj 

29 

10 

Wedge 

D 

1 

Pneumoncctonij 

12 

2 

Segmental 

96 

3 

ir Bilateral Operations 

Staged 

26 

0 

Simultaneous 

15 

0 

Total 

137 

le (8 5%) 


Bilateial opciations wcie peifoimecl iii 2G patients as staged pioecduies 
and in 15 patients the disease m both lungs has been extnpated at one opeiatioii 
In the gioup with staged bilateial icsectioiis the oulj significint compUcatious 
weie bioncliopleuial fistula which occuiied in 1 patient and lesidual aetuo 
endobioiieliial disease which peisists m aiiothci No deaths hive oeeiined 
among the patients who base had staged bilateial opeiatioiis 

The teehmque of the simultaneous bilateral lesection his been ihseubed 
piesiousls •> ” Bneflj, the chest is opened tiansteuially iii the fouith iiitei 
space lutPiioih and both pleuial cavities aie enteied Tiie indicated icsectioiis 
aie Clin 1 nil nt on one side and then on the othei as the table is tilted fiom 
side t( 1 1 \s lule this opeiation has been leseivcd for patients who icqiiiu 
no iii 1 1 -in SI,mental leseotions bilaterally though 1 patient has had a 
]o) 3 e, ( 1 ) Side and a segmental leseetion on the othei With tins 

(oglini H I ' itwu can accomplish as much as two thoiaootoraies and the 

(Qtal j 11 iment has been gieatlj slioitened Steuul sepaiation has 
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been a troiiblesome postoperative complication but there have been no deaths in 
the group. -There have, however, been two deaths in patients with exploratory 
operations through the transverse sternotomy incision. Both of these were 
relatively poor risk patients with bilateral disease in whoju the operation was 
performed with the idea of resecting both sides if it seemed reasonable at the 
time of surgery. Because of the extent of the disease and the general response 
of the patients to the operation only one side was resected in each case. Neither 
died of complications due to the tjTpe of incision used. One died of j)ulmonaiy 
embolism while the other died of atelectasis and pneumonia, both on the thirteenth 
postoperative day. 

Thoracoplasty has been employed only as an auxiliary operation. In all, 
45 thoracoplasties have been done. On three occasions, extensive, uncontrolled 
unilateral disease was treated first by thoracoplasty and subsequently by pneu¬ 
monectomy. Simultaneous thoracoplasty was carried out fourteen times with 
pulmonary resection and thoracoplasty was added as a second operation to 
reduce the size of the hemithorax, twenty-eight times. As described above, 
thii’teen of these late operations were performed for bronchopleural fistula. The 
deaths which might possibly be related to thoracoplasty were four which occurred 
follovfing lobectomy with simultaneous thoracoplasty. 

Results of Treatment .—Table IV shows the present classification of the 171 
surviving patients according to the 1950 standards of the National Tuberculosis 
Association. Of tlie 8 patients who have active disease, 5 have had persistent 
activity after unilateral segmental resection, 1 patient has contralateral active 
disease after pneumonectomy while another developed contralateral spread after 
lobectomy. The eighth patient has endobronchial tuberculosis after a bilateral 
staged segmental resection. 


'•pT.F rv. Present Status of Disease in Patients Treated fob Tuberculosis by 
1 PuLMONiUiY Resection 



CLASSIFICATION 

NUilBEB 


Inactive 

77 


Arrested 

S6 


Active 

8 


Total 

171 


Up to jMarch 1, 1955, 64 patients have been discharged from the titberculosis 
unit to other mental hospitals, throughout the State. In each instance, all the 
disease evident on chest x-ray, except perhaps linear fibrotie scars, has been 
removed and at least six gastric washings, taken in series, have been negative 
and none have been positive by culture. These discharged patients are followed 
by chest x-ray at three-month intervals, and three gastric cultures will be taken 
every six months for the first two years. Tlie frequency of bactei'iologic studies 
thereafter will depend on the clinical and x-ray findings. 

DISCUSSION 

Although we have used pulmonaiy resection more frequently than others 
who have discussed the treatment of tuberculosis in patients with mental dis- 
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ease,'' '■wo believe tliat the results achieved have justified undertaking 
such,a program. Only 8 patients have experieneed late spread or reactivation. 
On the other hand, we have already been able to return 64 patients to nontuber¬ 
culosis institutions with the c.xpectaney that they will remain free of their dis¬ 
ease, and there are, in addition, an equal number of operated patients who await 
only bacteriologic confirmation of their apparently arrested state. In each 
instance, there remains no visible pulmonai'y or other focus of tuberculosis and 
of the 64 who have been discharged each had at least six gastric washings that 
have been negative by culture for tubercle bacilli. With the collapse measures 
that have been performed by others for mental patients with tuberculosis, it is 
improbable that results this good would have been obtained. 

Not all patients at the Burns Hospital can be treated successfully by 
surgery. Approximately 100, out of a total ]) 0 ])ulation of 420 patients, are too 
old or physically unfit for operation but at the present time there are at least 
90 patients awaiting surgery who can be operated upon with the same chance 
for success as has been achieved among those reviewed licre. In addition, newly 
diagnosed cases are sent to the Burns Hospital so that there rvill doubtless be a 
significant number of now patients at least for some time. Most of these new 
patients will doubtless be candidates for surgery and in time the number of 
mental patients with active tubcx'culo.sis in Minnesota should bo reduced to a 
small irretrievable minimum. Tuberculosis in mental hospitals can be con¬ 
trolled. 

The existence of bilateral disease docs not constitute a barrier to successful 
surgical treatment. Except in patients with widely scattered disease in both 
lungs, bilateral operation may be carried out with reasonable oxpcctaney for 
success. Those with bilateral apical disease can be treated surgically at one 
operation. 

SUMMARY 

1. One hundred and eighty-seven mental patients with pulmonary tuber¬ 
culosis have had pulmonary resections performed. Of these, 146 patients under¬ 
went unilateral operations and 41 have had bilateral resections performed. 
Fifteen patients have undergone bilateral simultaneous resections. 

2. The over-all mortality rate was 8.5 per cent. The difficulties encountered 
in postoperative management of uncooixerative patients have contributed to this 
mortality rate. 

3. Late results of treatment have been good. Of 171 patients who have 
survived, only 8 can be classified as having active tuberculosis at the present 
time. 
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RECUKKENT CiUlClNOMA IN TUB BRONCHIAL STIHIP* 

IIutoLD C ^AnLI^, Jr, MD,** John R McDonald, MD ,*** v^D 
0 Thfron Clvgctt, MD 
Rochlsifr, Minn 

D uring tlie Iiatit twcntj jcais the medical inofcssiou has noted a maiked 
inciease in its lesponsibihty tow aid the piohlem of bionehogcnic card 
noma Tlio cliange lias oceiiiicd bceaiise of the using incidence of the disease 
and the eoneomilant dciclopmoiit of safe and jnactieal thoiacic siiigeiy Today 
tlie diagnosis of pulmonaiy cancel demands an ciahiation of opeiability The 
lattci, dependent on iiiaiij faetois, mai still be fpicstionable at the time of 
c\ploiation Theie nia\ be lymphatic, plcuial oi chest wall iiuol\ciiient the 
complete eseision oi winch icmains in doubt c\cn aftoi the icseotion has been 
caiiied out In addition, the cstension of the piimaiy giowth in the legion 
of the caiiiia and mam hionelu is often difficult to eialuate 

Tlie piesent study of leouiient eaicmoma in the bionchial slump was 
undeitaken with the pioeednig consideiations in mind It seemed of piaotioal 
lalue to dctoimiiio if iiooplastie tissue had been left behind in the lemaining 
bionchial segment, whether the tumor had aetually been inopeiable fiom 
the bionchoscopie standpoint oi if othei factois might be of impoitanee in 
the etiology of this tvpe of neoplastic lecuiienee Also, the clinical aspects 
of loeuireiit eaioinoina in the bronchial stump appealed wortln of studi 
At the outset it should be noted that the teim “lecinient” is used in 
Its uniestiicted sense thioughout this papci It will be apparent fiom an 
analjsis of icsults of this study that wheieas some of the cases aie not examples 
of recuiient caicinoma in the limited connotation of that woid, there aie otheis 
III which the tciin is strictly apphtablc The similai cluneal pattern of all 
the eases justifies the common gioupiiig 
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Six bundled and thiitj one patients undei went leseetion, eithei lobectomy 
01 pneumonectomy, foi caicinoma at the Mayo Clime piioi to Septeinbei, 
1952 In this gioup tlieie weie 18 in whom lecuiience of caicinoma in the 
lemaming bionchial stump subsequently deieloped These lattei cases foim 
the basis of this lepoit They were studied fiom the cluneal standpoint with 
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regard to the symptoms, signs, and diagnosis of recurrence and pathologically, 
with regard to the extent of the lesion at the time of pulmonary resection. 

The clinical histories and surgical records were reviewed. In addition, 
a study was made of each formalin-preserved operative specimen. The presence 
or absence of Ijunph-node involvement Avas noted. In the gross specimens 
the distance Avas measured from the proximal end of the severed bronchus 
to the nearest visible tumor. Then serial longitudinal blocks Avere cut from 
the entire bronchial circumference adjacent to the proximal limits of the 
tumors. From these blocks, hematoxjdin and eosin stained preparations Avere 
studied for eA'idence of microscopic extension of the bronchogenic carcinoma 
in the mucosa or submucous layers toAvard the proximal end of the resected 
bronchus. Particular attention Avas paid to cellular detail in the bronchial 
mucous membrane. 


RESULTS OP THE STUDY 

With feAv exceptions the clinical pattern in this series Avas similar for 
all eases. After resection of a bronchogenic carcinoma these patients returned 
to the clinic at intervals varying from 5 Aveeks to 24 months Avith either cough 
or hemoptysis or both. In all but 3 eases the recurrent tumor Avas visualized 
bronchoscopically and confirmed by biopsy or smear. The diagnosis in 1 case 
Avas established by cytologic study of secretions aspirated directly from the 
bronchial stump and in 2 cases by the finding of malignant cells in the sputum. 

The status of the patient up to the time Avhen this paper Avas Avritten is 
ImoAvn in thirteen instances. Of the 11 patients knoAvn to be dead, 10 suc¬ 
cumbed to the cancer at intervals Amrying from 3 to 28 months folloAving 
pulmonary resection. One patient died, apparently of cardiac failure and 
pulmonary edema, folloAving a transurethral prostatectomy done elseAvhere 26 
months after pneumonectomy. One patient is knoAvn to be alive and asympto¬ 
matic 30 months after pneumonectomy and 6 months folloAving diagnosis 
of bronchial-stump recun'ence and treatment Avith deep roentgen rays and 
locally implanted radon seeds. One patient is living but in failing health 
16 months after resection. 

In all instances the tumors Avere high-grade (Broders) squamous-cell carci¬ 
nomas. Most of the primary tumors Avere relatively large, the average being 
3.8 cm. in the largest dimension. The size, hoAvever, varied fi’om 1.5 cm. to 

6.0 cm. in diameter. Lymph nodes Avere involved by metastasis in 12 of the 

cases. 

On the basis of pathologic findings in the proximal resected bronchus, 
the cases in this series have been placed in five groups. 

Group 1 .—This group consists of 5 cases (Table I) in Avhich examination 
revealed carcinoma at the proximal end of Bie resected main bronchus. In 
addition to the bronchial involvement metastatic hilar lymph nodes Avere present 
in 4 of the 5 cases. The tumor Avas on the right side in 3 cases and on the 

left in 2. Total pneumonectomy and complete hilar-node dissection Avere 

carried out in each instance. Three of the operations, hoAvever, Avere con- 
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sidei’cd at the time of surgery to be merely palliative either because of gross 
involvement of lymphatic and mediastinal structures or because it became 
evident as the operation progressed that the main bronchus was involved so 
near tlie earina that resection with an adequate margin was impossible. 

Three of the five tumors in this group w'cre visible bronchoscopically 
prior to resection. Biopsy via the bronchoscope produced positive results in 
2 of these 3 cases. In the other 2 eases there were bronchoscopic findings, 
only in retrospect, suggestive of tumor. In one of these biopsy was not done 
and in the other results of biopsy were negative. 


Table I. Susisiary or D,\ta for Cases in Grohf 1 


CASE 

PREOPERATIVE 

BRONCHOSCOPY 

OPERATION 

CONSID¬ 

ERED 

PALLIA¬ 

TIVE 

LYMPU- 

NODE 

INVOIaVE- 

MENT 

INTERVAL: 
RESECTION 
TO RE¬ 
CURRENCE 
(MONTHS) 

RECUR¬ 

RENCE 

DIAGNOSED 

BY: 

INTERVAL: 

RESECTION 

TO 

DEATH 

(months) 

1 

Qranulationa 
in loft upper 
lobe 

Biopsy not 
done 

Left pneu- 
moucc- 
tomy 

No 

Yea 

7 

Bronchial 

secre¬ 

tions 

23 

2 

Tumor in left 
main bron* 
clius 

Biopsy nega¬ 
tive 

Left pneu- 
mouec* 
tomy 

Yes 

Yea 

m 

Biopsy 

S'/a 

3 

Tumor right 
upper lobo 
and main 
brouclii 
Biopay posu 
tivo 

Eight pueu- 
monec- 
tomy 

Yea 

No 

114 

Cells Id 
sputum 

3 

4 

Narrowed 
right upper 
lobe bron¬ 
chus 

Biopsy nega¬ 
tive 

Right pneu- 
monec- 
tomy 

Yea 

Yes 

m 

Biopsy 

14 

5 

Tumor bifur¬ 
cation right 
main bron- 

Bight pneu- 
monec* 
tomy 

No 

Yea 

5 

Biopsy 

and 

smear 

19 


Biopsy post- 

_ live _ 

•Operation considered palliative at conclusion of resection. 

In this group of patients the presence of residual carcinoma in the 
bronchial stump became apparent quite early. There was recurrent cough 
and hemoptysis within an average of 4.1 months postoperatively in all cases. 

Complete follow-up data are available for the 5 cases. The longest interval 
from the onset of bronchial-stump symptoms to death was 16 months, and the 
shortest period was 2 months ivith an average of 9.3 months. The longest 
survival after pulmonary resection was 23 months and the shortest was 3 
months with an average of 13.7 months from pneumonectomy to death. In 
the 3 eases for which operation was considered at the time to be merely 
palliative, the average survival period after resection was 8.8 months. 






Table II. Semmauy oe Data for CASr.s in Group 


706 


HABEm, MC DONALD, AND CLAGETT 


J. Thoracic Surg. 
June, 1956 



Operation consiclere-cl palliative at conclusion of resection. 



Volume 31 
Number 6 


CA^(JI^’0.^fA IX BROX'GHTAf. STU.AIP 


707 


Group 3 .—There wete 7 cases in tliis study in «]iich e.xaimnatioii of tlio 
resected bionelii re\ea]ed an inadequate margin ot resection and metaplasia 

of tlio broncliial mucous membrane proximal to the tumor (Table II) In 

view of the work of Ciiiess, ilcDonald, and L'lagctt, a margin of 1.5 cm. 
of pro-ximal tumor-free bronchus was eonsidcied adequate. This i)ioblem nill 
be discus.sed in a later section. The finding of metaplastic ci)itlielium in the 
bronchi, pro.simal to the primarj- tumois, is believed to be significant and 
will also be considered in nioie detail later. 

The length of resected bionchus pio.ximal to the tumor vaiicd fiom 0 
cm. to I.fi cm. in the 7 cases in Croup 2. There was epithelial metaplasia of 
the pio.ximal tumor-free bronebus in all instances This finding is illusfiated 
in Pigs. 1 and 2, a and h. In 4 cases Inlar lym])h nodes woie iiuolvcd b\ 

mctastascs. The siae of the primary tumors in this group varied fioiii 1 .5 

cm. to GO cm. in the largest dimension. 



Fiff 1 —Longitudinal section of main bronchus proximal to the primary tumor in a 
Group 1 case This demonstrates marked squamous metaplasia of the bronchial epithelium 
in this region (hematoxylin and eosln stain, X-ISO) 

Tlie tumor involved tlie light lung in 4 eases and tlie left in 3. Total 
pncumoiieetomy and hilar-node dissection were pertoiiiied in C cases. Palliati\e 
icseetion of tlie riglit middle and loner lobes was performed in 1 ease because 
of e.\tensi\e Ij'iiipliatie involvement and fi.vation of the tumor in tiie legioii 
of tlie azygos vein, vena cava, and pulmonary artery. 

Pi\e ot the seven tniiiors in this group weie visible Inonclioscopically 
prior to lescction Biopsy was positive for carcinoma in four instances 

The average time from resection to the onset of symptoms of hionchial- 
stump recurrence was somewhat over 14 montlis. 

Pollow-iip data aie complete for only 4 cases in tills group. The interval 
from resection to death varied in 3 cases from 13 montlis to 27 months witli 
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an average of 22 months. The interval from the first symptom of stump 
recurrence to death averaged 7 months. The fourth patient is kno^vn to be 
living and asymptomatic 30 months after pneumonectomy and 6 months after 
stump recurrence was diagnosed and treated with deep x-rays and locally 
implanted radon seeds. 

Group 3 .—Table III summarizes data for the 2 cases in this group. The 
margin of bronchial resection was inadecjuate (less than 1.5 cm.) in each. 












Volume 31 
Number 6 


GAECINOMA IN BKONCHIAL STUAIP 


709 




7J0 


HABEIN, MCDONALD, AND CLAGETT 


J. Thoracic Surg. 
June, 1956 


They differ, however, from the cases in Group 2 in that no epithelial metaplasia 
could be demonstrated in the bronchial mucous membrane proximal to the 
tumor. In 1 case preoperative bronchoseopic examination revealed a squamous¬ 
cell carcinoma on the superior wall of the left main bronehus. Pneumoneetomy 
was carried out and study of the lung showed that the tumor extended in 
the outer fibrous layer (Pig. 3, a and h) to within 0.75 cm. of the proximal 
extremity of the resected left main bronehus. One hilar lymph node was 
metastatically involved. Symptoms of stump recurrence appeared 5 months 
postoperatively, and the patient was thereafter lost to follow-up. 






Fiff. 3.— a. Longitudinal section of the proximal main bronchus in a Group 3 case. This 
is an example of tumor extension in the submucosal layers of the bronchial wall. The area 
in the lower right corner represents tumor in the outer fibrous layer and is illustrated in b 
under higher magnification (hematoxylin and eosin stain; x35). b. Higher magnification of 
the area in the lower right corner of a showing microscopic extension of tumor toward the 
proximal end of the resected bronchus in this case (hematoxylin and eosin stain; xllO). 

In the second case in this group, bronchoscopy prior to operation revealed 
a squamous-cell carcinoma obstructing the right upper lobe bronchus. At 
operation the right main bronchus was resected near the earina, but on 
examination it was found that the tumor extended to the proximal end of 
the specimen. Accordingly, all the rest of the main bronchus was removed. 
The exact margin of resection is not known but is believed to have extended 
inadequately above the tumor. One hilar node was involved by carcinoma. 












Volume 31 
Number 6 


OAKCINOiMA IN BRONCHIAL STUMP 


711 


Symptoms of stump recurrence did not develop until 22 months postoperatively. 
Death occurred 28 months after the palliative resection. Necropsy is reported 
to have shown the tumor to be confined to the right hemithorax, mediastinum 
including the esophagus and heart, and the region of the carina. There were 
no grossly apparent distant metastases, and no iinolvement of the contra¬ 
lateral lung was noted. 

Group 4 .—The fourtli groin> in this scries (Table IV) consists of 3 cases 
in which the main bronchus was resected at least 2.5 cm. above the primary 
tumor. Bceurrenec of the malignant lesion became apparent in all cases within 
G months. The significant pathologic finding, in addition to the adequate 
margin of resection, was a high degree of epithelial metaplasia in the bronchial 
mucous membrane proximal to the tumor (Dig. 4). Hilar lymph nodes were 
involved by metastasis in 2 of the 3 cases. Bronehoseopic examination prior 
to resection produced positive evidence of carcinoma in 2 oases. In the third 
case, there was an area of qucstiojiablc infiltration in the left main bronchus, 
biopsy of which was negative. 



FJg-. 4 —Lonpitudlnal section of the proximal main bronchus m a Group 4 case This 
is another example of cellular metaplasia at the proximal end of a resected bronchus (hcina' 
toxylin and eosin stain; x450). 

In 1 ease preoperative bronchoscopy revealed an area of ulceration around 
the left anteromedial basal-segment bronchus. Biopsy of this was reported 
grade 4 squamous-cell carcinoma. Total left pneumonectomy and hilar-gland 
dissection were carried out. The primary tiunor was relatively small, 2.5 by 
2 0 by 2.0 cm. There were no evident Ij'mphatic metastases, and the main 
bronchus had been resected 2 5 cm. proximal to the tumor. Six months 
postoperatively persistent cough and hemoptysis developed. Two months later 
(8 months following pneumonectomy) hoai'senc.ss was noted and a broncho- 
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scopie exiuninatioii substaiitiiited the diagnosis of vocal cord paralysis and 
recurrent carcinoma in tlio bronchial stump. Death occurred in this case 
12 montlis postoperalivoly. llistologicallj’’, tlicro was marked epitlielial meta¬ 
plasia in tile pro.ximal tumor-free r&sectcd bronchus in tliis and the other 
2 cases in this group. The possible significance of this finding will be dis¬ 
cussed in a later section. 

Group 5 .—In this category (Tabic V), there is 1 case which represents 
tlio only peripheral tumor whicli, to our knowledge, has reoiu'red in tlie 
bronchial stump. The patient was the only woman in the series. Pieoperativo 
brouclioscopy failed to reveal any evidence of tumor but sputum contained 
malignant cells. Because the patient was 72 years old and tliere was no 
apparent lympliatie involvement, i-esection of tlie right middle and lower 
lobes was carried out. The tumor, 2.5 cm. in diameter, was located in the 
depths of the middle lobe. No involved lymph nodes were found, and serial 
sections of the proximal middle and lower lobe bronchi contained no evidence 
of tumor or epithelial metaplasia. 

Hemoptysis developed 14 months postoperatively, at which time bronchos¬ 
copy revealed a firm, ragged lesion on the anteromedial wall of the right main 
bronchus about 2 cm. from the earina. Smears from this lesion contained 
malignant colls. Death occurred 2 years following pulmonai’y resection. 

RESUltU OP FINDINGS .USD COIIMENT 

Tliere are no available reports concerning the recurrence of carcinoma 
in the bronchial stump. The true incidence of this entity is impossible to 
determine from a study of purely surgical material. Aufses states that ho 
has definite evidence of stump recurrence in G cases of the 165 pulmonary 
resections for carcinoma performed between 1935 and 1948 at the Mount Sinai 
Hospital, New York. The present report is based on a study of IS patients 
who developed recurrence in the bronchial stump after pulmonary resection 
for carcinoma at the Jlayo Clinic. These cases were taken from a total of 
631 patients who underwent resection for bronchogenic carcinoma prior lo 
September, 1952. 

All except 1 of the patients in this series were men, and the average age 
of the patients was 55.3 years. The average duration of symptoms prior to 
resection was 7.6 months. 

Preoperative cytologic examination of sputum, bronchial washing.s, bron¬ 
chial secretions, or more than one of thc.se was carried out in 14 of the eases 
and gave positive results in 11. 

Brunf ho.scopic examination was performed prior to thoracotomy in all 
18 of these eases. In 11 eases a tumor was seen in either the right or the left 
main lironchus, and in 10 of 15 cases in which biopsy was performed the result 
was positive. In 3 cases some narrowing or infiltration was noted in or 
arouh ' die orifice of a seeondaiy bronchus but biopsies were reported negative. 
In t s the lesion was not visible bronchoscopically. The region of the 
eariii. ..i.peared grossly normal in all 18 instances. ___ 
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The findings at preoperative bronclioseopic examination are of special 
intei'est in view of the recent work of Kabin and his associates with biopsy 
near the carina. These workers stated that they have found tlie procedure 
extremely useful, since it produced positive findings in close to 20 per cent 
of patients who were considered otJienvise operable. Apparently the result 
of biopsy may be positive even in the presence of grossly normal mucosa. 

So-called carinal or paraearinal biopsies were not done in the cases in 
this series. Had this procedure been carried out, it is conceivable that results 
would have been positive in at least a few eases. 

All the tumors which, in the Mayo Clinic series, have recurred in the 
bronchial stump were squamous-cell carcinomas of high histologic grade 
(Broders). The size varied from 1.5 cm. to 6.0 cm. in diameter. Lymph 
nodes in the hilus were involved in 12 eases. 

In 16 eases a main bronelius was involved by the primary tumor at the 
time of pneumonectomy. These were equally divided between the riglit and 
left sides. The two tumoi's not originally involving a main bronchus were 
located in the right lower and in a peripheral riglit middle lobe bronchus, 
respectively. They were each treated by resection of the right middle and 
lower lobes with preservation of the upper lobe. 

Symptoms of bronchial-stump recurrence appeared at intervals varying 
from 5 weeks to 24 months following resection. Attempts to explain many 
of these recurrences must, of necessity, be somewhat speculative. This is 
not true of the 5 cases in which gross or microscopic carcinoma was found 
at the line of bronchial resection. Obviously the “recurrence” was due to 
residual tumor in these cases. The situation, however, wherein resection of 
a relatively small, peripherally located carcinoma without demonstrable lym¬ 
phatic spread is followed in 14 months by a bronchial-stump lesion identical 
histologically to the primary growth is more difficult to explain. It seems 
probable that by existing standards the initial resection was adequate. The 
possibility of an occult metastasis or seeding to the region of the main bronchus 
from the primary tumor at the time of operation must be considered. Simi¬ 
larly, a second primary carcinoma is a definite possibility. Spain and Parsonnet 
have reported the case of a 92-year-old woman whose bronchial tree showed 
multiple primary neoplastic changes. 'Williams has presented the ease of a 
patient who had two separate invasive bronchogenic carcinomas. 

The problem of in situ carcinoma is pertinent. Papanicolaou and 
Koprowska have reported a case of epidermoid carcinoma in situ of a right 
lower lobe bronchus. The tumor was detected by cytologic examination of 
sputum and its presence was proved at necropsy in one of a number of random 
blocks from the right lower bronchial tree. Umiker and Storey, Black and 
Ackerman, and Carlisle, McDonald, and Harrington have also demonstrated 
in situ changes in bronchial mucosa. 

Minute parenchymal tumors believed to represent early bi’onehogenic car¬ 
cinoma have been reported by Petersen, Hunter, and Sneeden. Aufses and 
Neuhof have reported 2 cases of very small bronchial cancer. Wiei’man has 
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leeently piesOHted a study of 6 cases of occult broncliogenic squamous cell 
caiomoma All these tuinois mvohcd majoi bionchi and yeie not readily 
appaient One of the carcinomas lias in situ and the other foui were grossly 
minute, imasive lesions with in situ changes in the sunounding epithelium 
Tile question of what constitutes an adequate margin of bionchial resection 
IS not casj to aiisuei Tlie ivoik of Guess, SIcDonald, and Clagett indicates 
that III squamous cell bionchogenic cancers the minimal safe distance foi 
exeision of the bioiiclius is 15 cm fiotii the pioximal limits of the tumor By 
use of foimaliii-piesened suigieal speeimcns, imcioscopic extension of some 
squamous cell cancels i\as dcmoiistiatcd m the submucosal bronchial layeis 
for distances iai>ing fiom 03 cm to 13 cm 

Oluiously a eeitain amount of shimhago oceuis in all tissues piesened 
m foimalin solutions It is not possible to state exactly how important this 
factoi has been in the picsent studj, but shiiiikage of a scmiiigid, caitilage 
suppoited bionchus is coitauily much less tban the high degiee of shortening 
uhieh takes place in the piosonation of segments of abmentaiy tiaet and 
similai tissues 

It has boon noted that epithelial metaplasia was piesent in the lesected 
bionohi pioximal to tumoi iii many cases in this senes The epithelial changes 
lined in degieo from case to case and within the individual specimens The 
cailiost thangc noted was disoiganuation and palisading of cells in the basilai 
lajeis of othenviso normal bionchial mucous inembiane Othei changes 
included pleomoiphism, fiank squamatizatioii, and ecllulai mitoses Several 
examples of epithelial metaplasia aic illustrated in Figs 1, 26, and 4 

The difficulty in distinguishing between so called metaplastio and neo 
plastic changes in tissues has been noted by seveial authors AVilliams’ case 
has alicadj been mentioned Theie weic extensive iiitia epithelial caicinoma 
tons changes m the bionchial epithelium Willianis stated that the epithelial 
changes in this case might bo considcied by some pathologists to be so called 
caieiiioina in situ while otheis would rcgaid them as cellulai metaplasia Spam 
and Paisoniiet have ilso emphasized the difficulty in difteientiatmg between 
cellulai metaplasia and neoplastic changes 

Cailisle, McDonald, and Ilaiiington, in a studj of bionchogenic squamous 
cell caicinomas at the Majo Clinic, noted that a small zone of raucous membrane 
adjacent to many of these tumors contained in situ changes Similarly, 
■\Vomaek and Giahain have noted a case of bronchogenic caicinoma m which 
the mucosal epithelium adjacent to the tumor showed patchy metaplasia with 
cons'deiable mitotic activity They consideied this metaplasia to be a pre 
eanceious condition Eeingold and associates, in a necropsy study of 60 cases 
Ill which the patients had died of bioncliogeuic carcinoma, repoited several 
instances in which the giadation from noimal bionchial mucosa through 
squamous metaplasia to epideimoid carcinoma was obseived 

Accoiding to AVillis, Kail Tieiseh, in 1865, suggested that the recurrence 
of an epithelial tumoi following surgical excision was not always due to 
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incomplete removal of tumor tissue, but was sometimes clue to new carcinomatous 
change in the predisposed epithelium of the region. 

It is rather disturbing that the interval from pneumonectomy to recurrence 
was nearly the same in eases with carcinoma present at the line of bronchial 
resection as in some eases with oidy metaplastic epithelium in the proximal 
excised bronchus. It is possible that tlie latter, morphologically still benign 
epithelium, may in reality be carcinoma. Perhaps the same amount of time 
is necessary for residual carcinoma in the bronchial stump to reassert itself 
as is required for metaplastie epithelium in the earinal region to bleed aird 
initiate coughing. Further study of this problem seems irecessary. It may 
be that in a ease of bronchogenic squamous-cell carcinoma the finding of 
metaplastie epithelium near the earina is of irearly as much prognostic 
significance as is the presence of frank carcinoma in this region. 

Blood-vessel involvement was demonstrated in a bronchus in onh' 1 case 
in this series. Irr this case, blood vessels iir the bronchial wall were irrvolvcd 
at a point 1.0 cm. froirr the proximal re.seeted end of the maiir bronchus. This 
firrding could certaiirly aeeouirt for the bronchial-strrnrp reeurreiree. It is of 
interest, though, that Ballantyne found blood-vessel involvement in SO per 
cent of bronchogenic squamous-cell carcinomas. He rroted, however, that blood 
vessels were irrvolved irr 16 of 27 patients who survived 2 to 5 years after 
pulmonary resection for squamous-cell cancer and concluded that the prcseirce 
of malignarrt cells irr a blood vessel does not make metastasis a certainty. 

As might be expected, the commorrest symptom of bronchial-stump recur¬ 
rence was cough, which occurred in some degree in all cases. This was usually 
productive and irr 16 eases hemoptysis appeared. Hoarseness due to paralysis 
of the left vocal cord occrrrred irr 4 cases. Cough and hemoptysis following 
pulmorrary resectiorr for careirroma nray be due to benign granrrlatioir tissrre. 
Persisterree of these symptoirrs imrst be viewed with snspieion, however, and 
bronchial-stump reerrrrence should be considered. 

Bronchial-stump reerrrrence appears to be of serious prognostic sigrrificance. 
Of 13 cases irr which data are available, only 4 patieirts survived 2 years or more 
following resectiorr despite treatmeirt irr several iirstances with deep x-rays or 
locally implanted radoir seeds or both. 

sijJi:mary and coNcim’sioN.s 

1. A elirricopathologic strrdy has beeir preserrted of IS patierrts irr whom 
bronehial-stuirrp reerrrrence developed following pulmonary resectiorr for a 
squarrrous-eell careirroma of the lung. 

2. Irr 16 cases a rrrairr brorrehus Avas irrvolved by the primary tumor. Eight 
of these Avere orr the right arrd the sarrre rrunrber Avere located in the left lung. 
In 12 cases, lymph rrodes irr the prrlnrorrary hilus Avere rrretastatically irrvolved. 

3. Irr 11 cases, the tumor Arms Ad.srralized brorrchoscopically prior to resec¬ 
tion. The regiorr of the earina Avas not grossly inAmlA'ed irr these patients 
preoperatHely. On the basis of the present study, hoAvever, it is believed that 
bronchoscopic biopsy near the earina might haAm been helpful in assessing 
operability in several instances. 
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4 III 5 of tlie 18 cases m this senes, pathologic exaniiiiatioii of the suigical 
specinioiis leiealcd the pieseiice of eaiciiioma at the iiioMinal end of the 
lesceted bioiiohiis In i) eases the niaigm of lesection bejoiid the tumoi was 
less than 15 cm , and the bionchial mucosa pioximal to tumoi uas metaplastie 
111 7 of these In 3 of the 18 cases, the bionchiis iias lesected at least 2 5 cm 
bejond the tumoi The pioMiiial bionchial epithelium ivas metaplastie in all 
3, hoMciei The tumoi in 1 case iiiiolved no inajoi bronchi and the bionchial 
epithelium showed no eiideiice of metaplasia 

5 Jletaplasia of the bronchial epithelium was a common finding in this 
study, and its possible iiiipoi taiico in the etiology of ceitain bioiiclii il stump 
leeuiiences has been discussed 

G Ill this stiidj the iiitenal fiom piilmonaiy losectioii to the appeaianco 
of sjmptoms of bioneliial stump iniohcmeiit \aiied fiom a few weeks to almost 
2 jcais 

7 The most constant simptom of bionchial stump leciiiieiico was cough, 
which ocelli led in some dcgiee in all cases Ileiiioptj sis appealed in all but 
2 cases In 4 cases hoaiseiuss dcieloped as a lesiilt of \oealtoid paialjsis 
The occHiieiice and pei-sistence of cough and hemoptysis aftei lesectioii foi 
bioiichogciiic caicinoma must be coiisideicd a recuiieiice in the bioiichnl stump 
until pioved otheiwise 

8 The diagnosis of bionchial stump lecuiieiice was established by broil 
ohoseopy iii 16 cases and by cytologic cxammatioii of sputum in the lemaining 
2 cases in this senes 
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ABDOMINAL PAIN FOLLOWING SURGICAL CORRECTION OP 
COARCTATION OF THE AORTA: A SYNDRO^IE 

Dean M. Ring, M.D.,® and P. John Lewis, MJI. 

Minneapolis, ALnn. 

O UR attention was recently focused on singular events in the postoperative 
course of 2 patients on the cardiovascular service of this hospital. These 
men had had surgical excision and repair of typical thoracic aortic coarctations 
performed within a few days of each other. Thereafter, both, in the early 
postoperative pei’iod, developed profound abdominal pain and tenderness with 
marked leukocytosis and fever for which we had no ready explanation. Within 
ten days these findings subsided with conservative therapy. Our associates 
volunteered similar experiences and this induced us to review the postoperative 
course of patients treated here for this anomaly. 

Sealy,^ in 1953, reported a case of abdominal distress with development of 
intestinal infarction following repair of aortic coarctation and Lober and 
Ldleliei-, from this Clinic, wrote of two instances of necrotizing panarteritis of 
the abdominal viscera following resection of coarctation. Perez-Alvarez and 
Oudkerk® also reported an instance of similar nature. 

Since 1950, the diagnosis of coarctation has been coded in this hospital 88 
tunes. Seventy-three of these patients came to surgery and of this group 64 
survived at least the early postoperative period. Eighteen patients in this group 
had significant abdominal findings and symptoms in the early postoperative 
period. We have arbitrarily divided these 18 patients into three groups on 
the basis of intensity of signs and symptoms. 

The first group, which sho’wed the mildest symptoms, consisted of 10 patients 
(one female) ranging in age from 2^ to 34 years (average 23 years). All 
of these complained of generalized abdominal pain during the first to third 
postoperative days. One or more of the following problems was present in each 
instance: abdominal distention, gastric dilatation, abdominal tenderness, ileus, or 
vomiting. Leukocytosis was present (13,000 to 20,000) with mild temperature 
elevation (101° F.). These complications responded to restriction of oral intake, 
gastric suction, and intravenous administration of fluids. Since such problems 
may arise following thoracotomy, for whatever reason, we cite this group only 
to point out the incidence of abdominal distress following resection of coarctation. 
The following case is an example from this group: 

D. J. (UH #857949).-—The patient was a 28-year-old white man with a history of 
‘ ‘ dizzy spells ’ ’ for several years and dyspnea on exertion of six weeks ’ duration. Physical 

Prom the Department of Surgery, University of Minnesota, 'Minneapolis, Jlinn. 
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Hildiilgs repealed a 141 pound iiuhvidual uitli a right bratliial artery pressure of 150/90 
and left pressure of 150/S8 There ma a loud prtcordial systolic murmur that radiated to 
tho back Femoral pulses ucrc not pnlpiblc 

X ray ahoned slight left reutriiulur ciiliirgcmeiit and the eleetroc irdiogr iin indicated 
left axis deiiation 

Resection of the coarctation uaa done on Maj 21, 1953 The proximal aorta iias 3 cm 
in diameter ivith a 4 niiu opening m tho coarefato segment Tho ductus arteriosus ivas not 
patent 

On tho third postopcratiio daj, the pitniit developed generalized abdominal pain, 
distention, and diarrhea The was 17 100, and the temperature w is lOl® F The 

p itieiit required 50 to 75 ing of Demerol for six days Ihe symptoms relented after three 
days of gastric suction and illtriu,nous fluids 

Tho blood pressuic on the third postoperative day was 140/90 The feinoial pulses 
were of good quality At six month cheek, tho blood pressure was IJO/Sli 

A second gioup of -1 patients (all male) expeitenced siinilai difficulties but 
of nioic sciioiis natuic The ages langtd fioiii 4 to 36 jeais (dxeidge 19 5), the 
onset of symptoms was in the fiist postopeiative week and peisisted foi seven 
to ten days Heie again abdominal distiess was signiheant and \ lay examina 
tion showed that ileus was largely confined to the small bowel Seveie general¬ 
ized abdominal pain and teudeiness with rebound woie manliest Vomiting 
oceuiied on seveial occasions Pyiexia (103“ F ) and ieukoev tosis (15,000 to 
30,000) weie consistently piesent without obvious explanation 

These patients vvete studied duiiiig and subsequent to the acute episode fiom 
which they all iceoveied by eoiisoivativc means ot tieatment The only abnoinial 
laboiatoiy finding was the elevation ot the white blood count Seiuni amylase 
studies vveie iioimal Jluscle biopsy of the lowei extremity' in one instanee was 
not revealing X-iay studies ot tlie intestinal tiact duinig subsidence of the 
acute episode pieseiited no abnormality iii one instance The following ease 
history is an example fiom this group 

B V (UH #878584) —Ihc jjatie«t was a 22^earoId mm who gave a vague history of 
dizzy spells Hib weight was 159 pounds nnd blood pressure on admission iiitasured JlO/108 
A sjstolic precordial murmur was heaid The femoral pulses could not be felt 

X ray showed left \cutjicuUr enlargement ami tho tiLotiocardiogram demonstrated 
left Ventricular liypertrophy 

Surgical correction of tho coarctation was ptrformod on J vn 6, 1955 Arterial col 
lateral chaiinols were extremely rich ui the clnst wall The lorta measured 1 oju lu diameter 
with a 1 mm opening in the coarctate segment 

On the tenth postoperatiie daj, tho patient dCNcloped severe abdominal pain with 
distention and vomiting The temperature waa lOl* F Tho 'WBC was 29,000 with 88 
per cent polymorphonuclear neutroplnl leukocytes The patient described a ‘^pumping” pain 
in the legs With gastric suctioii and intravenous fluids, the patient alowl} improved He 
required 5 to 10 mg of metliadou for pain for ten dajs after this acute episode for which 
no e\planation could l>e found The blood pressure in the right arm measured 110/80 at 
the time of its onset Since discharge from the hospital the patient has done well 

The thud gioup of 4 patients (4 males, aged 3 to 46 yeais) vveie subjected 
to lapaiotomy within two weeks following collection of the coaictatioii Tiie 
diagnosis of appendicitis was entei tamed m 3 of these patients The sti iking 
feature of this group is the similarity' of abdominal findings Poorly’ localized 
abdominal pain and tendemai-a bairiiinmn. 11,0 ^ 
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day with leukocytosis and fever, were associated with nausea and vomiting with 
rebound tenderness. This led to the diagnosis of a “surgical abdomen,” but in 
no instance was a specific diagnosis made preoperatively. 

Two of these cases were previously reported by Lober and Lillehei.- Here, 
necrotizing panarteritis indistinguishable from periarteritis nodosa was found 
with infarction of portions of the small intestine. One patient succumbed from a 
ruptured splenic aneurysm. The second, subjected to a bowel resection by one 
of us (F. J. L.), recovered. A third patient had a negative lapai-otomy but ex¬ 
pired one month later from a ruptured dissecting aneurysm of the thoracic aorta. 
The fourth patient in the group had only enlarged mesenteric lymph nodes 
found at surgery and he subsequently recovered. The following 2 cases are 
examples from this group: 

J. S. (UH .^850534).—The patient was a 3-year-oIcl boy who was admitted to the lio.s- 
pital with a history of episodes of cyanosis and shortness of 1)reath on exertion and con¬ 
gestive heart failure. 

Physical examination revealed a blood pressure of 134/60 right arm and 130/60 
left arm. A precordial systolic murmur was heard which radiated to the back. The femoral 
pulses were absent. 

X-ray showed right and left ventricular enlargement and the electrocardiogram showed 
right axis deviation. 

Surgery was performed on March 3, 1953, and minimal arterial collaterals wore en¬ 
countered in the chest wall. The ductus arteriosus was closed. The aorta measured 1 cm. 
in diameter and the coarctate segment was 2 mm. in diameter. Arteriosclerotic changes were 
noted on microscopic section of the aorta immediately adjacent to the constricted area. 

On the seventh postoperative day the child developed abdominal pain, rigidity, and 
generalized tenderness. The WBG was 16,200. The rectal temperature was 101° P. Two 
days later the symptoms seemed progressive and laparotomy was done with findings of 
mesenteric adenitis. The patient recovered uneventfully and was discharged on the eighteenth 
day following the original surgery. 

E. H. (Associated Hospital). —This 46-year-old white man had been treated for pul¬ 
monary tuberculosis in February, 1953, by right upper lobectomy. He had no symptoms 
directly related to the coarctation. 

Physical examination showed blood pressure in the upper extremities of 200/100 with 
absent femoral pulses. An apical systolic murmur was heard. 

X-ray examination showed left ventricular enlargement. 

Corrective surgery w'as done on May 6, 1953. A typical coarctation was resected with 
end-to-end anastomosis. 

On the eighth day after surgery, the patient developed fever and vomiting. Two days 
later the abdomen was distended, tender, and rigid. The temperature at this time was 103° F. 
Abdominal exploration was carried out, and free pus was found in the peritoneal cavity. 
Gangrenous patches were present along the ileum and distal part of the jejunum. Thirty- 
eight centimeters of the small intestine were resected. The mesenteric vessels were not 
grossly abnormal. The postoperative course was not remarkable. 

The pathologic changes of medial necrosis with cellular infiltration and fibrinoid de¬ 
posits, similar to periarteritis nodosa, have been described elsewhere.2 

Table I sets forth the general data regarding this group of patients with 
coarctation of the aorta. In this series of patients receiving surgery, 9 expired 
on the table and this number, in conjunction with those who did not receive 
surgery, left a total of 64 patients who survived sufficiently long into the post¬ 
operative period to be evaluated. The 18 cases with significant abdominal find¬ 
ings constitute 28 per cent of this group. The total number of women in the 
surgical group was 25 (28.2 per cent). 
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An analysis of the IS patietits iindei coiisideiation reveals some mteicstmg 
points The aveiagc age of Gioup I was 23 jeais, Gioup 2 A\as 19 5 years, and 
Group 3 nas 19 years, while the average o\ci all age was 11 years There was 
one woman (5 per rent) in the gioup of IS patients with ahdominal symptoms, 
Lompaied to the ovei all figiue of 28 2 per cent The other 2 eases repoited in 
the literature were also men An effort was made to correlate the pie and 
postopoiatire (seventh to tenth day) blood piessnies of the group of 18 with 
those of the whole group of surgieil patients and generally the patients develop 
ing abdominal eomplications seemed to hare an eailiei and more marked drop 
m pressure, especially those in the older age group (Table If) No consistent 
trend could be detected in comparison with preopeiatne palpability of fcmoial 
pulse or estimated degree of ehest wall collaterals at the time of surgoij 

Pentothal sodium anesthesia was routinely employed The postoperatiie 
care of all surgical eases was essentially the same Penicillin and stieptomyem 
were cmiiloyed for Are to soien days and in only one instance was tliero oreit 
erideiico of seirsitirity leaetioii to these agents 

mSCLSSIOrl 

Since necrotizing arteritis was found in tissue removed at stiigery from 
2 of our patients (previously reported), and in the case eited by^ Perez Alvarez,“ 
the possible relationship of this process to periarteritis nodosa has been eon 
sidered Inasmuch as the value of study' of the rare entity frequently lies in the 
elucidation of the common entity, this pursuit seems to have merit 

Since the original description in 1866 by' Kussniaul and JIaier, periaiteiitis 
has been alternately considered a distinctly separate disease and a geneial term 
for a group of disorders bssed pat/iologicady on necrotizing inflammation of 
muscular aifeiies Zeek and others' ^ have helped to resolve this problem by 
listing pern t ritis nodosa as one distinct form of nceiotizing angitis charactei 
ized histol jiially by inflammation and fibrinoid necrosis of the niusculai arteries 
That hr niseiisitivity reactions are its sole etiology seem no longer tenable 
A hvpcitni«ive factor in the etiology of periarteritis nodosa seems quite appeal 
ing 111 view of the laboratoiy' demonstrations by ICempnor and co workers," of 
the devtlopmcnt of this disoidei in rats, seeondaij to elevations of arterial 
piisMire The liver aiterialization studies of Rather and Cohn' in pio 
nec loti/ing lesions in the hepatic vascular tree and the evidence that me 
lilt I I' isculai tension is directly concerned in the production of acute a 
nciusis (Byiom and Dodson") add weight to the thesis that intraii. 
tiauiii i may produce defimte acute pathologic changes in the arterial rat 
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Tlio confinement oi poiiaiteiitis lesions to the vessels subject to sjsteniic 
blood prcssuie and the fioedom of the pulmonaiy sjstein (except m instances 
of pulmonaiy hjpeitension) fiom xaseiilai neeiosis suggests that some limited 
faetoi IS at plaj in this disease 

The one eonunon factor in all e.ises studied iias the sudden increase in 
pulsatile piessuies in the aitenal sjstcm distal to the coaiotation The signs 
and sviiiptoms m oui cases \icic eonfined to the visceral aieas subject to tins 
increased picssuic he id This appeared especially tiiie of the structures supplied 
by the supeiior meseiiteiic aitcij 

The abdominil pain manifest in all of oui patients may be lelated to tbe 
arteiial distention stimulating \iscciosensorj fibeis in the vessel wall It 
IS noted that one of the patients eomplanied of cpigastiie pain, “pumping” iiitli 
each heaitbeat The piolonged ief|iiiienicnt foi naicoties (five to ten days) in 
our senes of postopeiative cases iias eoiisisteiitlj noted 

That the majoiity of the postopciatnc patients ivith coarctation can toleiate 
this change must lepiesont an ad<iptation less well handled by the 18 eases in 
point It ivould seem that the patients demonstiating significant abdominal find 
mgs repiesent a vaiying pathologic lesponse to the elevated arterial piessuies in 
the posteoarctation lasculatiiie langing fioiii tempoiaiy functional distuibance 
to local Ijsis of oiorstietched medial iniisculai libeis, vasculai occlusion, and 
tissue death The two instantcs in this senes of pathologic changes identical 
to peiiartentis nodosa iicic limited to vessels bciond the coarCtato aiea and 
represent an extiemo cxpiession of the devastating influence of acute oveidisten 
tion of the aiteiial tree * 

We have no ready explanation foi the piepondeiance of males m this gioup 
showing abdominal distress aftci eoriectue suigeiy The tendenoj for the 
older patient to develop the syiidiome may in pait be due to the inability of 
the oldei lessels to adapt to the eleiated piessuies That the age of the vessel 
IS not gauged wholly by the chionological age of the patient is indicated bj 2 
eases of youthful patients m the gioiip of 18 (ages, 21 /, and 5) in which 
arteiiosclerotie stages iieie noted m the aorta proximal to the coaictatioii 

SUMM UlY 

A series of 18 cases piesentmg similai signs and symptoms of laijing 
intensity refeiable to the abdomen, following lepaii of coaiotation of the aoita, 
IS lepoited Possible etiological factois aie discussed We feel that this entity 
justifies the tcim “syndrome ” Caidioiasculai suigeoiis should be aleit foi this 
coniplicition Ceitainlj tins pioblem dcseiics fuitliei stiidj 

REFERENCES 

1 Sealy, W C The Indications for Surgical Treatment of Coirctation of the Aorta, Surg, 

Gynee Obst 97 301 306, 1953 

2 Lober, P H, and Lillehei, C W Necrotizing Panarteritis Following Repair of Coarcta 

tion of Aorta, Surgery 35 950 956, 1954 

3 Perez Alvarez, J J, and Oudkork, 8 Necrotizing Arteriolitis of the Abdonunal Organs 

as a Postoperative Complication Folloiving Correction of Coarctation of the Aorta 

A Case Report, Surgery 37 S33 837, 1955 


♦These ca«.es imy be examples of perioi tentis nodosa In a limited portion of sjstemic 
circulation 



724 


RING AND LEWIS 


J. Thoracic Surg. 
June, 1956 


4. Zeek, P. M.: Periarteritis Nodosa and Other Forms of Necrotizing Arteritis, New England 

, J. Med. 248: 764-773, 1953. 

5. Zeek, P. M., Smith, C. C., and Weeter, J. C.: Studies on Periarteritis Nodosa. III. The 

Differentiation Between the Vascular Lesions of Periarteritis Nodosa and of 
Hj'persensitivity, Am. J. Path. 24: 889-918, 1948. 

6. Kempner, W., Peschel, E., and Black-Schaffer, B.: Effect of Diet on E.\perimental Ilyper- 

tension and on the Development of Polyarteritis Nodosa in Rats, Circulation Researcli 
3: 73-78, 1955. 

7. Rather, L. J., and Cohn, R.: Some Effects Upon the Liver of Complete Arterialization of 

Its Blood Supply. III. Acute Vascular Necrosis, Surgery 34: 207-210, 1953.- 

8. Byrom, F. B., and Dodson, L. F.: The Causation of Acute Arterial Necrosis in Hyper¬ 

tensive Disease, J. Path. & Bact. 60: 357-368, 1948. 



chonbiiosarco:mas op tub tiiokauio spine 

Report or Two Cases 

Elmore JL Aronstxai, Lieutenant Colonel, MC, AUS, Ted E. Ludden, 
CiPTAiN, JIC, AUS, iND Walter II. Matosicv, Colonel, MC, AUS 

PlIOENlXVILLE, Pa. 

A S the .scope ot tlioiaeie suigery has increased in recent years, it has not onlj’ 
enabled more accurate diagnosis but also has stimulated greater interest in 
lesions which were formerly relegated to the field of academic interest only. 
Chondrosarcoma of the thoracic s[)ine falls in this category. 

Presented herewith are 2 case reports of thoracic vertebral chondrosarcomas 
which present rather unique features both clinically and pathologically. 

The rarity of choudromatous tumors of the thoracic spine is attested by 
the sparse literature on the subject. Gcsehickter and Copeland' in reporting 
321 instances of osteochondiomas from the Johns Hopkins Hospital up to 1949 
found only one lesion of the thoracic spine. AVeisel, and Ross" reported 
a chondrosarcoma in 1950 and Ilgenfritz^ reported a most unusual osteochon¬ 
droma of the upper spine in 1951. We have been unable to find previous refer¬ 
ence or record of resection of ehondi osar comas of the thoracic spine 

c isE reports 

Cajse 1.—A uliite man, aged 32 >cars, was referred for thoracotomy because of a 
homogeneous ovoid opacity iii the posterior mediastinum adjacent to the riglit lung field 
and at the level of the sixth thoracic vertebra This had been, asymptomatic and was first 
discovered on a routine Army chest x ray examination. The lesion measured about 5 cm 
in maximum diameter. Past history was noncoatnbutory. Bronchoscopy was unremarkable 
Exploratory thoracotomy demonstrated a smooth walled mass about 8 0 by 6 0 cm. in 
diameter which was brittle to touch It was attached to the body of the sixth thoracic 
vertebra. The mass was excised, and the vertebral body curetted. 

Grossly, the lesion was a mass of hemorrhagic and soft, translucent, mucoid material 
with calcific particles scattered throughout. His*ologic sections (Figs. 1 and 2) demonstrated 
liyaline cartilage, bone, and myxomatous tissue. The diagnosis of chondrosarcoma was arrived 
at mainly because of plumpness and hypcrchromatism of the cliondrocytic nuclei. Tlio 
myxomatous portions exhibited nuclear liyperchromatism and irregularity in addition to 
necrosis with hemorrhage. TJiese were presumed to represent degenerative changes. 

TJie patient made an excellent recovery. A two year followup finds him well and active 
with no recurrence. 

From the Thoracic Surgery Service, Patliology Service, and the Surgical Service, Valley 
Forge Army Hospital, PhoenixviUe, Pa. 
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CvsL 2—A uhlte a^red 20 jeirs, hid been m good health until she ^\a 3 

Iic^pitalizcd for nglit lateral thoracic pain of pleuritic character Cheat xrajs disclosed a 
right pleural clTusion (Pig 3) Thor icentesi*! demonstrated bloody serous fluid Cjtologic 
studies of this \\oro negiti\e PosUhorateiitcsis ^ ra^s (Pig 4) ‘»ho\ved a partly calcified 
rounded opacity of tho posterior mediistnium arising at tlie level of the seventh thoracie 
vertebra and cxleiidmg into tho nglit lung field This measured about 10 0 cm in maximum 
diameter 



Fig- 3 I-iff 4 

rig 3-—Case 2 Befoie aspiration of Iiemothorax 
Fig 4 ’—Case 2 After aspiration of iiemothorax 


Exploratory thoracotomy presented an ovoid muss, the upper two thirds of which was 
covered by a smooth surface, presuinabf> parietal pleura The lower portion was fragmented 
hemorrhagic, and focallj myxomatous A fresh clot of blood extended downward from the 
lesion The mass was rather tcnuouslj attached to tlm body of tho seventh thoracic vertebra 
The lesion was removed, and the area of attachment curetted ^ near by mediastinal lymph 
node measuring 2 0 cm in maximum diameter was removed separately Histologic sections 
demonstrated a lesion essentially similar to that of Case 1 (Pig 5) A particularly interest 
mg finding was the presence of neoplastic tissue in a Ijmphatic vessel adjacent to the lymph 
node (Fig G) 

The patient lecovered uneventfully from surgciy (Fig 7) &he is now well with no 
evidence of recurrence six months following surgery 

COMMENT 

Oui expeiience with tliesc 2 iiatients lias, called to oui attention an entitj 
which IS not consideied often in the diagnosis ot postciioi mediastinal lesions 
The ladiologic iiiidiiigs neie sufficienth distmetne as to suggest at least a 
collect diagnosis of choiidiosarcoma in these cases In oiii second patient, the 
appiopilate diagnosis was considered piioi t "■ 'n altlio ne—ofibionia 

was somewhat moie stir H si^^ected -Jv 
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The gross fmdiiigs in eacli of these patients were unique in our experience, 
namely, the presence of a brittle mass composed largely of soft, gray, translucent 
mucoid material. In rotrospeet, these gross findings at surgery should have 
suggested the diagnosis of myxoma or chondrosarcoma in each instance. 

Since chondrosarcomas arc a rarity and since myxomatous changes are 
charaeteristie of chondrosarcoma, this point is considered worthy of emphasis. 
This is particularly important since such tissue docs not lend itself to fro/ten 
section diagnosis. 



Fiff. 7.—^Case 3. Postoperative x-ray. 


A particularly interesting finding in the second case was the lymph node 
metastasis. Lymphogenous metastases are rarely reported secondary to chondro¬ 
sarcoma. The metastatic involvement in this case offeis corroborative biologic 
evidence of the malignant nature of the lesion. This is important inasmuch as 
the histologic criteria of malignancy in the cases we are reporting, as well as in 
many of the cases of chondrosarcoma reported elsewhere, are of rather equivocal 
character. Jlitoses arc rarely seen in any significant number in chondro¬ 
sarcomas inasmuch as growth of cartilage is by amitotic division. We saw no 
mitoses m the tissue from our cases. On the other hand, the criteria of 
malignani \ as set forth by Lichtenstein and Jaffe* were satisfied. These include 
plumpness of nuclei, more than occasional ceils with double plump nuclei and 
giant caitilaae cells. 

It Is not possible to indicate with certaintj' the histogenesis of the lesions 
rn tlmse 2 cases. Various authors bare suggested that ehondiosareomas arise 
eitlior fiom cartilagenous lests or from osteochondromas. O’Neal and Acker- 
nun hare mentioned that it is frequently difficult to deternrine the manner ot 
on m of malignancies of cartilagenous nature. Although both bone and rvell- 
( 3 i u nted cartilage were found in each of these lesions, it was not oriented 
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in such a manner as to suggest origin 1‘rom osteochondromas. In other words, 
it Avas not possible to delineate well-differentiated bone OA’^eiiaid by a cartilag¬ 
inous “cap.” It Avould seem Avorth Avhile to attempt to prove such a relationship 
since this Avould provide additional information relative to the proper handling 
of osteochondromas, although most authors agree that the incidence of malignancy 
in osteochondromas is very Ioav. 

It seems worth mentioning that the location of these lesions adds some 
support to the concept of Roberg“ that cartilaginous neoplasms situated near 
the body axis are more apt to Im malignant. 

.SUMMARY 

Tavo unusual cases presenting chondrosarcomas of the thoracic vertebrae 
are reported. Diagnostic and pathologic implications liave been discussed. 
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CONGENITAL EVENTRATION OP THE DliVPHRAGJI 
Robert A. Do Bohd, 3I.D., and Edward J. Giunta, 3I.D. 

PEOBtA, III. 

C ONGENITilL eventratiou of the diapliragm is aa unusual condition. The 
normal diaphragmatic musele is replaced by a thin, translucent, fibrous 
membrane. Usually only the central dome is affected, causing the diaphragm 
to balloon high up into tJie pleural cavity. Rarely is the entire diaphragm in¬ 
volved. 

Although over 300 cases' have been reported in the literature, successful 
surgical repair in infancy is rare. Arnhcim" in a review of tlie literature, in 
1951, oolleeted a series of 8 cases. In 1954, La-vdal and associates' reported an 
additional 2 cases. One infant, aged 7 weeks, was operated upon successfully; 
the other patient, aged 28 days, died without surgery. 

lu 1952, Ravitoh and Handlesman' reported surgical repair of small defects 
in the right diaphragm in a series of 5 infants. These were small areas of 
eventration with iierniation of the liver. Tlieso cases cannot be cla.ssifled as 
true eventration of the diaphragm. 

In 1947, Bisgard' performed tlie first successful surgical repair of eventra¬ 
tion of the diaphragm in infancy. 

Tlie case reported here is tlie tentli infant to undergo successful surgical 
repair, and the fourth case with involvement of tlie riglit diaphragm. 

A different surgical technique is demonstrated whicii preserves tlie normal 
function of the diaphragm. 

CASE REPORT 

T. S.; a wliite male infant, was delivered normally at St. Francis Hospital on April 
12, 1953. The birth weight was 8 pounds, 5 ounces. He was re-admitted to the hospital 
on May 14, 1953, on the service of Dr. Edward Giunta. 

The mother stated that the baby had a chronic “brassy” cough, noted one weelc after 
birth. The baby did not take his feedings well and had failed to gain weight. He had 
occasional periods of dyspnea and slight cyanosis, especially during feedings. 

Physical examination revealed a moderately undernourished i-weolc-old infant, weigh¬ 
ing 8 pounds, 7 ounces. There was slight cyanosis of the lips. On inspiration, there was 
reduced expansion of the right hemithorax. Breath sounds wore decreased on auscultation 
over the right base of the che.st. 

Roentgenologic examination of the chest revealed an abnormally high position of 
tlie right diaphragm. The dome of the diaphragm extended to the third anterior intercostal 
space (Fig. 1). Fluoroscopy of the chest revealed decreased excursion of the right dia¬ 
phragm. Roentgenologic examination of the esophagus and stomach revealed normal posi¬ 
tion and contour of the esophagus. The fundus of the stomach was in normal position, 
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but the pylorus and lirst part of tho duodenum were liigh and to the riglit of the midline, 
riio stomach was slow to empty. The remaining laboratory work was witliin normal 
limits. 

Because of the severity of the .symptoms, and failure to gain weight, surgical cor¬ 
rection of the diaphragmatic eventration Avas decided upon. 

Operative Froecdurc .—The baby was operated upon by one of us (R. A. D.) on May 25, 
1953. Endotracheal anestliesia, using cyclopropane, was administered by Dr. W. 0. McQiiiston. 
A cut-down was performed on an ankle vein for administiation of iluid and blood. 

The chest was opened through the right cightli interspace. TJie dome of the diapliragm 
was found to consist of a tliin, translucent, librous membrane, and e.\tc:ided nearly to the apex 
of tlie pleural cavity. It was much higher than appealed on the chc.st loeutgenogram. The 
liver could be seen underneath the thin membrane. The right lower lobe showed small areas 
of atelectasi.s, due to e.xfernal cornpre.ssion. The peripliery of tho diaphragm was found to con¬ 
sist of fairly normal muscular tissue. 



; 1.—Pteoperative roentgenogram showing elevation of right diaphiagm. 

itire diapliragm was incised in the midline, extending from the lateral chest anil 
istinum (Fig. 4). This divided the diaphragm into anterior and posterior la ves. 
thin membrane was then excised, and the two halves of the diaphragm were 
h interrupted mattress sutures of No. 2-0 black silk. This brought the diap i g 
normal position. Tlie functioning diaphragm now consisted of muscular tissue. 

..lusion of the operation, rhythmical respiratory contraction of the diaphragm was 

noted, indicating a functioning phrenic nerve. A small Pezzer catheter was inserte t 
the seventh interspace for drainage and connected to a water-seal bottle. The cues 
closed with two pericostal sutures of No. 2-0 chromic catgut around the eighth and nmt i 



Volume 31 
Number 6 


CONGENITAL EVENTBATION OP EIAPHBAGil 


733 


Tho iiiusc]c3 of tho cJicst 'vvall noro approAjniatcd with continuous No 3 0 chromic catg-ut, and 
tlio skm ^vlth continuous No 4 0 silk The baby received 75 cc of blood during surgery and 
left tho operating room in good condition The total operating time was one hour and twenty 
minutes Tho infant was placed in an oxygenated crib for twenty four hours The chest 
drainage catheter was removed in fortj eight hours Tho infant tolerated oral feedings on 
the second postoperative day The skin sutures were removed on the seventh daj A chest 



1 Iff 2 —^Roentgenoffram taken one week postoperatIveJy showing normal position of riglit 

diaphragm 




Fjg 3—Photograph of Infant at the age of six weeks showing operatue approach 

roentgenogram taken one week postoperatively shows normal position of the right diaphragm 
(Fig 2). The patient was discharged from the iiospital on May 31, 1953, weighing 9 pounds, 
9 ounces (Fig 3) 

The infant had complete relief of s 3 rmptoms following surgery Tho familj moved to 
Denver, Colorado, a few months after the operation 
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but the pylorus and first part of tlio duodenum were high and to the right of the midline, 
ihe stomach was slow to empty. The remaining laborator}’- work was within normal 
limits. 

Because of the severity of tlie .sjuaptoms, and failure to gain ueight, surgical cor¬ 
rection of the diaphragmatic eventration was decided upon. 

Operative Procedure. —The baby was operated upon by one of us (E. A. D.) on May 25, 
1953. Endotracheal anesthesia, using cyclopropane, was administered by Dr. W. 0. McQuistou. 
A cut-down was performed on an ankle vein for administi.'ition of fluid and blood. 

The chest was opened through the right eighth interspace. The dcune of the diaphragm 
was found to consist of a thin, translucent, fibrous membrane, and extended nearly to the apex 
of the pleural cavity. It was much higher than appeared on the chest loentgenograni. The 
liver could be seen underneatli the thin membrane. The right lower lobe showed small areas 
of atelectasis, due to external eompie.'-sion. The periphery of the diaphragm was found to con¬ 
sist of fairly normal muscular tissue. 



1.—Pieoperative roentgenogram showing elevation of right diaphragm. 

The entire diaphragm was incised in the midlinc, extending from the lateral chest va 
to the mediastinum (Fig. 4). This divided the diaphragm into anterior and posterior haves. 
The excess thin membrane was then excised, and the two halves of the diaphragm ere 
bricated with interrupted mattress sutures of No. 2-0 black silk. This brought the diaphragm 
down to a normal position. The functioning diaphragm now consisted of muscular tissue. 
At the conclusion of the operation, rhythmical respiratory contraction of the diaphragm vas 
noted, indicating a functioning phrenic nerve. A small Pezzer catheter was inserted t iroug^ 
the seventh interspace for drainage and connected to a water-seal bottle. The chest i^as 
closed with two perieostal sutures of No. 2-0 chromic catgut around the eighth and nmt i ri s. 
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oentgenogram taken one week postoperatively shows normal position of the right diaphragm 
2). The patient was discharged from the hospital on May 31, 1953, weighing 9 pounds 
ounces (Fig. 3). ' 

Tiio infant Jiad complete relief of symptoms following surgery. Tlie family moved to 
Denver, Colorado, a few months after the operation. 



734 


JJEBORD AND GIUNTA 


J. lhor.icic Surg. 
June. I9S6 


Eocent eommuniciitiou witli the child’s iiiotlier indicates that he has developed normally 
and is free from all symptoms. A chest roentgenogram taken at the ago of 2 years by the 
family physician, Dr. M. E. Smornoff of Denver, Colorado, was forwarded to us. This shows 
maintcnanco of normal position of the right diaphragm (Fig. 5). The child has had normal 
physical development during those two years. 



DISCUSSION 

The etiology of this defect appears to be a congenital malformation of the 
diaphragmatic mtiscle. All of the diaphragm may be involved, but usually it 
is the central dome. 

The intra-abdominal pressure forces the thin membranous diaphragm up 
ward, compressing the overljdng lung. There may be a shift of the heait anc 
mediastinum to the opposite side. The above factors may easily produce dyspnea 
and cyanosis in the young infant. 
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Eventration of either side may cause angulation of the stomach and pylorus, 
with partial pyloric obstruction and vomiting. In our case, the pylorus was 
elevated upward, causing gastric retention and difficulty with feedings. 

The diagnosis is usually made by roentgenograms and fluoroscopy. The 
diaphragm is seen as a thin, curved line, extending high in the pleural cavity. 
Fluoroscopy reveals slight or no motion on respiration. 



Fig. 5—Roentgenoffrain taUen at the age of two years showing roAintehance ot position of 

right diaphragm. 

This condition is to he diffei-cntiated fi'oin diaphragmatic hernia and from 
phrenic paralysis. If required, barium studies of the gastrointestinal tract 
should establish the diagnosis of diaphragmatic hernia. It is said that 
paradoxical motion of the diaphragm can be observed with phrenic paralysis. 
Quite often there is also brachial plexus paralysis if the trauiiia is due to child¬ 
birth. 

Pneumoperitoneum has been used frequently to aid in differential diag¬ 
nosis in adults; it could also be used ui infants if necessary. 

Treatment depends on severity of the symptoms. Surgery does not seem 
necessary for small defects with no symptoms. However, if the eventration is 
large, with symptoms of dyspnea, cyanosis, cough, and vomiting, immediate 
surgical repair is indicated. To date, no operative deaths liave been reported and 
tlie long-term results have been excellent. 

Various operative techniques have been described, using both the ali- 
dominal and thoracic approach. The usual procedure has been to plicate the 
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thin membi’anons portion in toward the liver. This portion can then be 
anchored to the chest Avail. Tantalum mesh may be used, as reported by San¬ 
ford.'' In OAir case, it Avas decided to excise the membranous portion and to 
imbricate the tAvo portions of the muscular rim. This procedure gave a strong 
diaphragmatic repair and did not restrict the motion of the diaphragm. 

SUAIAIARY 

1. A ease of eventration of the right diaphragm in a six-Aveck-old infant is 
reported. 

2. Successful surgical repair Avas performed by imbricating the muscular 
rim of the diaphragm. 

3. Symptoms of dyspnea, cyanosis, and cough Avere completely relieved. 
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PREVENTION OP PO^UIING IN SUCTION BOTTLES 
POLLOAVINO PULMONARY RESECTION 

GEoncE L. Nardi, Lieutenant Cosuiandek (j\IC) USNR“ 

T ub combination of blood and air bubbling tliTOUgb a waten-seal trap after 
pulmonary resection frefpiently creates abundant and bothersome frothing. 
Tliis froth is a nuisance to those engaged in tiie postoperali\c care of the patient 
siuee bubbles rapidly fill the first drainage bottle and siphon over to the second 
and third bottles. As a result, the entire suction unit becomes a collcetion of 
bloody foam which makes accurate estimation of drainage volume difficult, re¬ 
quires frequent changes of bottles, and is a mechanical iiasard to the suction 
pump. 

The addition of a few drops of caprylio aleoliol (octyl alcohol, normal- 
primary) to tJie first bottle completely prevents any foaming and simplifies this 
phase of postoperative care. 



Fig 1 —A tjpical 3'botUe chest suction unit with foaming beginning in the flrat bottle. 
From t' S Xa\al Hospital. Portsmouth. Va. 

The oDini jhs or assertions contained herein are those of the authors and are not to be 
construed as officiai or reflecting the views of the Xavy l>epartment or of the Na\aJ Service at 
large. 

Recei\ed for publication Sept. 12, 
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Caprylie alcohol is a colorless liquid with a pleasant, penetrating, aromatic 
odor. It is insoluble in water. Its specific gravity is 0.827.^ Accordingly, the 
small amount used is higlily dispersed, remains on the surface, and will not have 
access to the submerged portion of the drainage tube communicating with the 
patient’s chest. Hence, any hazard of rctrogi*ade aspiration is minimized. 
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THE REMOVAL OP BENIGN PEDUNCULATED INTRA ATRIAL 
TLniORS A CLOSED SURGICAL APPROACH 

IRxjn T Nichols, MD* 

PlIILVDI’H-HIV, Pi 


O UR opeiative expeiieiue with inU.i atiial tiimois at the Bailey Thoracic 
Clime consists o£ 5 eases In none was the eoiieet iliag-nosis made pie 
opeiatnely In all cases the tiiinoi was eiieounteied duiing exploiation foi 
suspected initial cahe disease, eitliei at oui C'liinc oi at aiiothei iiistitiitioii 
All of oui attempts at siugieal leiiioval liaie lesulted m iiioitality except in 
the last patient opeiated We neie not successful in lemoiing the tunioi 
in its eiitiiety even m the last case llouciei, the opciatne method used was 
defeated because of the exceedingly laige size of the tuiiioi plus a defect in 
the instmment used A\'’e feel that the tunioi in om last case was mueli 
laigei than will usually he found, if the smallei tuiiiois we had pieiiously 
encouiiteied can be used as an indication of the aienge We also feel that 
the defect in the instiunient has now been collected 

Snice many patients with suspected initial \ahulai disease aie now being 
operated upon at vaiious clinics, moic and nioie suigeons undoubtedly will 
encountei an occasional intia atiial tunioi To date the only lepoit of a 
successful lemoval is that of Ciafooid,* who used lo'potheiiiiia and an open 
teeliiiique Since it usually is not feasible to induce hj'potlieimia once a 
closed type ot intiacaidiae opciatioii has been undeitaken, it is oui hope that 
the closed method ive used in the last patient ivill proie helptiil in leiiioving 
such tunioi s 

All of the cases of intra atiial tumois that we lia\e encouiiteied oecuiied 
within the left atiiuni, and have been diagnosed as benign myxomas by micio 
scopic examiiiatioii (Fig 1) In all cases, the pedicle was attached at the 
iim ot the fossa ovalis It was easj to sepaiate the pedicle fioiii its septal 
attacliinent by blunt digital dissection These tumois (Pig 2) weie soft and 
fiiable, and attempts at meehanical lemoval of them piesented the gieat pi oh 
lem of fiagmentation with lesulting embolism AVe, theiefoie, designed an 
mstiumentt which could be inseited into the atiium along tlie index fingei 
thiongh the pinse stiiiiged atiial appendage The end of the instiumcnt con 
tains a band of spiiiig steel to which a meshed nylon bag is attached much 
like a fish net (Fig 3 A, R, C, and D) By drawing upon the sliding shaft at 
the opposite end ot the iiistiniiieiit, the diametei of the band’s cnele is le 
duced and the mouth of the net becomes puekeied so that it can easily be 
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inserted alongside the operator's intraeardiac finger into the atrium (Fig 
4, .i) After the end of (he instrument, plus its attached net, lias been passed 
completely into the atrium, the band is oiiened to jirovide a large mouth to 
the fish net.” The index finger then is used to manipulate the tumor gently 
into the net (Pig, 4, B). After all of (he tumor, except its pedicle, has been 
trapped within the net, the mouth of the net is partially closed so that it is 
snug around the pedicle. The edge of the band then is pushed against the 
septum while counter pressure is aiiplied by the finger to the other side of the 
pedicle (Fig. 4, C). Thus, the pedicle is scooped from its attachment to the 



c. «• 

Fig, 1.—A. Instrument in place insnle atrium witli .snare clo.sod. />, .Snare open .so that 
Anger can gently manii)ulate myxoma into "Aah net." G, Aly.xoma in "Jl.sli net" anti P®hicie 
being scooped from attachment at atrial wall. O, .Myxoma completely enclosed m net ana 
being extracted through opening in atrial appendage. 

septal wall and the entire tumor is forced into the net. Then, the mouth of 
the net is closed tightly. The finger and the instrument are then removed 
from the heart. As the net is pulled through the atrial appendage (Fig. 4, D), 
the tumor probably will be much larger than the opening in the appendage, 
but due to its gelatinous consistency it can be easily fragmented, permitting 
its shape to be altered for easy extraction. Since it is completely enclosed 
within the net, there is no clanger of embolization from such fragmentation. 

We utilized the instrument and techniciue just described on April 5, 1955, 
at the Hahnemann Hospital, Philadelphia, in a 41-year-old white man (0. ., 
Hosp. No. 55-03375), who presented symptomatology of increasing exertional 
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dyspnea, noctiu’nal dyspziea, orthopnea, fatigue, and peripheral edema over 
a period of twelve years. At the time of surgery, he was no longer able to 
work. At surgery, the tumor was found to arise from a pedicle attached to 
the interati-ial septum and consisted of multiple lobules which almost com¬ 
pletely filled the left atrium. We were able to manipulate a good two thirds 
of the tumor into the net, but because of its size there was still one lobule, 
located cephalad and farthest from the mitral valve, which we could not 
force info the net for fear of fragmentizing it. Thus, we removed that part 
of the tumor which we could safely net. On extreme tightening of the mouth 
of the net, the metallic band separated at its welded attachment from the end 
of the instrument. Therefore, we were not able to use the instrument again 
to remove the remnant of tumor. Since this unfortunate occurrence, we have 
redesigned the insti'ument so that the band is no longer welded to the instru¬ 
ment at one end, but is now a replaceable unit like the wire of a tonsil snare. 
The weak point of welding' is eliminated as a possible breaking point, and 
even .should the band break it can be replaced immediately. 

Since we had e.xeised that portion of the tumor b'ing immediately above 
the mitral valve, we had hopes that the patieitt would be improved even by this 
partial removal. Three months following surgery, the patient had had no 
recurrence of exertional dyspnea, nocturnal dyspnea, or fatigue. lie was 
able, for the first time in months, to sleep flat in bed, and had returned to 
work. Since his twelve-year history of increasing symptomatology suggests 
that the tumor was growing slowly over the same period, we can only hope 
that he will have several years of freedom from symptoms before requiring 
further surgery. 

SUJtJtARy 

A closed surgical technique for the removal of intra-atrial tumors is 
presented. Our experience with one operative case in which the major part 
of the tumor was successfully removed is presented. 
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An Experiaikxtal, Study 

G. E. Mayor, M.D., Ch.M., R. A. ILujder, M.D., G. 

E. B. jMahoney, jM.D., 
Rochester, N. V. 


L. E.AIERSON, j\r.D., AND 


‘T^ROCAINE Aj\IIDE has been used clinically in the treatment of auricular 
1 and ventricular arrhythmias as, in adequate dosage, it will depress the 
excitability of both aui'icular and ventricular muscle.'’ Furthermore, the drug 
Avill completely protect the dog heart in situ against electrically induced 
auricular fibrillation and will also afford a large measure of protection to the 
ventricles.® In certain instanee.s, it has been used in the successful pre¬ 
vention of ventricular fibrillation.'• “ The mortality attending the induction 
of experimental hypothermia has been related to the high incidence of ventricu¬ 
lar fibrillation occurring spontaneously during cooling or in the course of 
circulatory arrest.^ Although this may be in some degree related to the 
development of hypercapnia during cooling or to sudden variations in pll 
levels thereafter,’’ the basic biochemical changes in the myocardial cell are not 
yet known. Careful electrocardiographic studies in the hjT^othermic dog 
indicate that the onset of ventricular fibrillation is preceded by the develop¬ 
ment of extrasystolie activity although this phase may be so transient that 
visual appreciation is difficult or impossible. Although unlikely that procaine 
amide used in such a situation would have any beneficial effect, its trial, 
both in the prevention and treatment of ventricular fibrillation in the hypo¬ 
thermic dog, seemed Avarranted. 


PRE.SENT INVE.STIGATION 


Twenty-five dogs of an average Avcight of 14 kg. Avere lAsed in this shuly, 
10 as controls and 15 Avith procaine amide administered. Under Pentothal 
sodium* anesthesia, Avhich Avas also used to control shivering, hypothermia 
Avas induced by surface cooling in an ice bath at 4° C. The rectal temperature 
range obtained Avas 25 to 30° C. Controlled respiration at a ventilation rate 
of 24 per minute Avas maintained by a mechanical respirator using oxygen at 
500 ml. per minute in a closed circuit. A soda lime CO 2 absorber Avas in¬ 
cluded in the circuit during cooling. Four of the dogs Avere cooled AA'itliout 
eaval occlusion. TAventy-one animals underAvent a right thoracotomy and 
caval occlusion Avith circulatory arrest for periods of 2 to 12 minutes. A right 
auriculotomy Avas routinely performed during eaval occlusion. ReAvaiming 
Avas carried out to 96° C. by immersion in a Avater bath at 45° C. 


From the Department of Surgery, University of Rochester Scliool of jMedicine and Den¬ 
tistry, Rochester, N. Y. 
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Procaine amide was administered by continuous intravenous infusion in 
concentration of 0.2 Gm. per cent, each dog receiving a minimum of 0.8 6m. 
before tlic commencement of occlusion. In 5 dogs in the treatment of 
ventricular fibrillation, the drug was given locally into the ventricle or into 
the arch of the aorta which was clamped above the site of injection, allowing 
the drug to be perfused through the coronary system by cardiac massage. 

BESULTS 

Incidence of Veiiiricular Fibrillation .—rVo procaine amide. Of the 10 dogs 
cooled without procaine amide administration, ventricular fibrillation occurred 
in 4; 1 before caval occlusion, and o in the course of eaval occlusion with 
aurieulotomy or on release of the caval clamps (Table I). The 6 remaining 
dogs had caval occlusion periods of from 7 to 10 minutes with normal cardiac 
function restored. The arterial CO 2 levels of the 9 dogs without fibrillation 
before circulatory arrest showed considerable variation, as did those of the 
dog in which fibrillation occurred (Fig. 1). 



Fier- 1 .—Control senes of 10 doss showing- variations in arterial CO 2 levels during 000110?. 
No procaine amide was administered. Tl»e figures represent lowest temperature readied. All 
points are before caval occlusion. The dotted-llne curve represents the dog in which fibrillation 
did occur. 


Table I. Incidence of VENTRicurAR Fjbrii.lation 


iVo jjrocaine amide .— 

Number of dogs 10 

Ventricular fibrillation 4 

a. before caval occlusion 1 

b. during caval occlusion 1 

c. after caval occlu.’jiou 2 

With pTocaine amide .— 

Number of dogs 15 

Ventricular fibrillation 4 

a. before caval occlusion 1 

b. during caval occlusion 0 

c. after caval occlusion 


Ventricular bradycardia and arrest 
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Incidence oj Ventricular Fihrillulion.—With procaine amide. Of 15 dogs 
with procaine amide administration during cooling, ventricular fibrillatio°n 
occurred in 1 before caval occlusion. Of the first 6 dogs with caval occlusion 
and auriculolomy, ventricular fibrillation occurred in 6 on release of the 
caval clamps, cardiac arrest in 1 after a 12-miiuite period of caval occlusion, 
and irresersible bradycardia (8 per min.) in L after 9 minutes of occlusion. 


TEMPERATURE IN “C 



263* 


10-1 -— 

0 30 60 90 120 

TIME IN MINUTES 


150 180 


Pig-. 2.—Variations in arterial CO: ievel.s (luring cooling witli no ventricular flbrillation. Pro¬ 
caine amide \vu.s a(lmini.stcre(l. 



Fig. 3.—Variations 
procaine amide administv 
dicated by the arrow. 


in arterial CO; levels during cooling with flbrillation occurring despite 
ration. The onset of ttbrillation which occurred before occlusion is in- 


Because of these results, the remaining 9 dogs in this group had short circula¬ 
tory arrest periods of 2 minutes, before resuscitation was undertaken by the 
use of potassium (Table I). Of the 11 dogs without fibrillation, 5 cases showed 
wide variations in COo and pH levels at different periods of cooling, while 6 
had adequately controlled CO 2 and pH values (Fig. 2). Of the o dogs with 
fibrillation at the release of caval clamps, 1 showed a irniform CO 2 level dur¬ 
ing cooling, while 2 showed a fall in CO 2 levels (Fig. 3). 
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Ttcatment of Vcntnculai Fibiillation ~ln tlie tieatment of \entncular 
flbnll.ition, piocnine amide ivas injected into the left \entiicle and into the 
.101 ta to pel fuse tlie coioiiaiy syiitein The doses adininisteied weie 50, 100, 
and 150 mg In 5 animals, the ding given in these amounts had no beiiefieial 
effect on the existing fibiilbitioii, cithei clmieally oi eleetioeaidiogiaphieally 
Aftei 50 mg and 100 mg doses, no change was noted on the eleotiocaidiogiam, 
while in 2 cases, a 150 mg dose slowed the ventiiculai fibiillation w'ave, pro 
duciiig a cliiiic.al slow “wave” fibiillation (I'lg 4) This veiitiieulai ictivitj 
could not be alteied by pioloiiged massage oi by the empnical use of epi 
iiephiine oi calcium 
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X iff i—Electrocaidlogrum (Lead i> of clinical slow w i\c flbnlJition (2a nun per sec an I 

1 mliluolt per cm) 


Ceicbral Anoxia —Piom oui expeiiciiee at the tompeiatuie laiigo of 23 to 
30° C, 20 miiiutes has boon legaidcd as the eiitical limit foi cnculatoiy niicst 
With peiiods ovoi this time, sufficient teicbial damage appaiently occuis to 
pievent the animal logaiiiiiig eonsciousness although lellex and inedullaiv' 
activity letuiiis This peiiod of eeiebial anoxia is a summation of the time of 
caval occlusion and the poiiod fioin the end of occlusion until the pioduction 
and mamteiiancc of an aitciial piessuic of 40 mm llg oi moic bv caidiac 
massage 

In 6 dogs leceivnig piocaiiie amide, the peiiod ot ealeulated ceiebial anoxia 
was 5, 8, 12, 15 17, and 19 minutes, lespeetiveh These 6 animals did not legain 
consciousness, living in an unconsciousness state foi vaiving peiiods up to 4b 
houis Post moitem examination showed bionehopncuiiioiiia in 4 dogs, and no 
helpiul findings in the otheis The biain was not examined 

DISCUSSION 

It has become evident from our expeiienee that spontaneous ventiiculii 
fibiillation may occui during cooling in the pieseiice of adequately coiitioiled 
CO and, thus, pll levels (Fig 5) Puitheiinoie, in this studv, ni both contiol 
dogs and in dogs leceiving pioe.une amide in which fibiillation did not oeeui 
piioi to caval occlusion, the CO levels in the majoiity showed considei.ible 
vaintion at difteient peiiods of the expeiiment (Figs 2 and J) It seems <i 
justifiable conclusion that changes m CO aie not the fundamental cause of 
veiitiiciilai fibiillation, although sudden vaiiations may accentuate some 
causal biochemical shift in legaid to the myocaidial cell Howevei, procaine 
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amide has not been successful in pi-eveuting fibrillation in the presence of 
changes in CO. levels (Fig. 3), and this seems adequate evidence against any 
assumption that the low incidence of fibrillation during cooling in this study 
was due to the administration of the drug. 

In dogs at normal body temperature, procaine amide in large doses has 
produced similar effects on the heart to those noted here.'-' In the hypotliermic 
dog, particularly in the presence of circulatory arrest, the effects of the drug 
are likely to be more marked and more prolonged. Thus, it is of importance 
that in the treatment of ventricular fibrillation, no slowing of fibrillation has 
been noted as a prelude to impending slow “wave” fibrillation. In other 
words, tliere has been no visual or electrocardiographic evidence of the 
approaching toxic effect of the drug. 
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Fig. —Stable arterial COs levol.s iliiring cooling with llbrillatlon occurring. No proc.ilnc 
amide wa-s administered. The onset of fibrillation before caval occlii.slon is indicated by tlie 
arrow. 

The main effect of procaine amide is a direct one on the auricle. In the 
denervated heart it depj'esses sinus action and miiy eventually produce sinus 
arrest with nodal rhythm.® Although it may also depress the excitability of 
both auricle and ventricle, its main action in the ease of the latter appears to 
be on diminishing the speed of conduction.®’ 

The damage to intraventricular conduction which procaine amide causes 
may facilitate the re-entry of impulses and the onset of ectopic activity.® The 
circumstance thus arises that procaine amide, which may suppress ventricular 
automatism when it is established, may lead in the increasing dose to abnormal 
ventricular activity and fibrillation. AVith these considei-ations in mind, it 
seems unjustifiable to use the drug when circulatory ari’est is contemplated, as 
at this time myocardial ischemia and coronary hypercapnia may already be 
slowing conduction, and procaine amide may become an additional factor in 
causing further damage. The position appears to be that as regard to the 
hypothermic heart, where circulatory arrest is not contemplated, iDiocaine 
amide will do neither good nor harm, but where occlusion of the inflow tracts 
is carried out, the use of the drug has serious drawbacks without having, at 

least experimentally, any obvious advantages. 

Cerebral Effects of Procaine Aimde.— Although no direct reference could 
be found in the literature to the effects of hypoxia or hypothermia on the use 
of procaine amide, there would seem little doubt that both these factois wi 
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potentiate the action o£ the drug. Though less pronounced than those of 
procaine, the effects of lU'oeainc amide on the central nervous system sliow the 
same pattern of initial excitation followed by a more prolonged depressant 
action. In addition to tliese central effects, depression of systemic blood pres¬ 
sure levels may result from large rapid intravenous doses. Death is usually 
caused by respiratory arrest.”' “ The drug is slowly hydrolyzed in the plasma 
with GO per cent excreted unchanged by the kidneys except in the presence of 
renal impairment or congestive heart failure.” 

Although in this study procaine amide was infused at a slow rate (be¬ 
tween 5 to 7 rag. per minute), the presence of generalized hypothermia com¬ 
bined with circulatory arrest might conceivably produce a cumulative toxic 
effect as both detoxification and excretion of the drug will be impaired. The 
G dogs in this series with periods of cerebral anoxia of less than the critical 
limit of 20 minutes did not regain consciousness although refle.x activity and 
spontaneous respiration were present on initial rewarniing. Thereafter, death 
occurred with respiratory failure preceding any evidence of cardiovascular 
collapse. 

SUMMARY 

1. Procaine amide, administered by continuous intravenous infusion in 
concentrations of 0.2 Gm. per cent, did not prevent the occurrence of ventricu¬ 
lar fibrillation in 4 dogs out of a group of 15 subo’eeted to circulatory arrest 
under liypotliermia. 

2. Intraeardiae injection and coronary perfusion of 1 per cent procaine 
amide solution did not arrest fibrillation, but converted the ventricular myo¬ 
cardium into a nonremedial state of slow conduction which was manifest 
clinieally and eleetrocardiographically. 

3. Presumptive evidence is presented that procaine amide has caused 
toxic effects on the hypothermic brain resulting in failure of the dogs to regain 
consciousness, despite the fact that in these dogs the pei'iod of cerebral hypoxia 
in the temperature range 25° to 30° C. was within the known critical limit of 
20 minutes. 
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NEURILEMMOIMA OP THE DIAPHRAG^r 
iLSON ■\Vei«el, D. B. Ol.vudox, M.D., and D. M. WILL.so^", I\r.D. 

^IlLWAUKEE, WlS. 

A increasing scope oi' thoracic surgical procedures has been re- 

^ fleeted by the accruing literature concerning the intriguing and chal¬ 
lenging primary tumors and cysts of the diaphrag'm.*'*’’’*-■ Particular 
surgical interest in these lesions was stimulated by the report by Gale and 

Edwards/ in 1939, of a successful excision of a malignant tumor of the 

diaphragm. By 1950, Samson and Ghildress’’^ accumulated 33 well-authenti¬ 
cated cases of primary tumors from the literature and reported 2 cases of 
neurofibrosarcoma of the diaphragm, in one of which the tumor was .success¬ 
fully resected. The first primary neurogenic tumor of the diaphragm was 

apparently reported by Klassen, Patton, and Bemen,'" in 1915, when they 

described the successful excision of a lai*ge neui'ofibroma of the diaphragm. 
Since that time, three other neurogenic tumors have been recorded,''’ '* two of 
which Avere surgically removed. AVe have not found a previous recorded case 
of diaijhi'agmatie neurilemmoma, and that fact, in addition to the rarity of 
the lesion and the interesting clinical picture presented by the patient, has 
occasioned the following case report. 


C.VSE KEPOKT 

W. B., C. H. 21S2S3, a oS-year-old wliite housewife, was fir.st seen in con.sultation on 
itarcli 24, 1954, because of a severe dry cough and pain in tlie left clie-st and arm. The 
patient had been treated for heart disease and angina for the ijrevious live years. E.vcept 
for gradually increasing exertional dyspnea there were no otiier pertinent symptoms and 
the patient denied Iienioptysis, expectoration, and wlieezing. 

A review of the family history was significant in that the patient’s father had died 
of pulmonary tuberculosis at the age of 40 years and her mother had died at 6S years of 
heart trouble. Her past history revealed that she had had cholecystectomy performed in 
1924, two attacks of left-sided pleurisy, and a tonsillectomy in 1920, and vein ligations of 
the right leg in 1948. 

Physical examination showed a rather apprehensive woman in moderate respiratory 
distress. Her w-eight was 1(37 pounds, the blood pressure 130/90, pulse rate 116 and 
irregular, and respirations 24. There was dullness to percussion over the right lower chest. 
Tile thyroid was moderately enlarged and nodular. Both legs sliowed a grade 2 pitting 
edema and varicose veins were present over the right leg. Xo evidence of digit clubbing 
was present. 

Eoentgen and fluoroscopic examinations of the chest and abdomen (Mg. 1) showed 
a marked density in the left lower chest with an elevated left hemidiaphragm which on 
normal, slow respiration appeared to move slightly but on sniffing showed a moderate 
paradoxical movement. Various changes of position including lateral decubitus produce 
no alteration of the roentgen picture, and studies with and witliout opaque media demoi 
strated increased distance between the diaphragm and stomach and colon. 

Bronchoscopy was performed under local anesthesia on March 27, 1954. The pertinent 
findings were a mucoid plug in the left lower lobe bronchus, elevation of that bronchus, 
and moderate narrowing apparently due to extrinsic pressure. Thoracotomy vas co 

From the Departments of Surgei-y.. Pathology, and Medicine of Columbia Hospitai and 
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siGered advivable at this time for exploration of an intrathoracic or snbdiaphragmatic 
lesion but because of the patient's general couditiun and the diagnosis of heart di^scase 
with failure, operation was lield in abeyance pending fnrtlier evaluation ami study. 

In yovoniber, lt)51, the patient wa^ seen in c*ons.nJtation by one of ns (I). J\r. W.) 
because of marked caidiac irregularity. Tlic chest pains uerc noted to be of 12 \ears’ 
duration, ^v'cre located in the letl }>ubclnviciilar area and radiated to the deltoid aiea. 
They %\ere desinibed us “terrible shooting pains that last ioi days” which kept the patient 
from doing her nork and nere partially lelievcd by lest and aspirin. Theie w’as an 
associated nonproductive cough attiibiited to a “bad cold” tuolve jears previously which 
had been constantly present since that time except for amelioration during tlie warm 
summer months. Paroxysms piecipitated by exposure to cold air and by physical 

exertion. 



Fig-. 1-Po.stei©anterior roentffenogiam of the chest showing increased density of left lower 

chest. 

Awareness of irregular cardiac action was ot four months’ duration. It v;;i^ 
described as a sensation as though the “heart would jump out of my throat” and wa* 
aggravated by activity and dyspnea, Extienic w'eakness and diniiaished exercise toleram-** 
woie also prominent symptoms. 

Functional aspects of her di.sability included the fact tliat her ni<>tlier had “thi-f 
same kind of a heart cough” for many jears before her death. The paiient rai-ed tir 
childieu and two giaudchildreu and was responsible for the major work on a farm or, t}„. 
outskirts of a small city in which hei husband wms employed. .She acknowledged marked 
“nenousness,” drank a minimum of 12 cui»s of black coffee daily, ami sufferr-d con-idf-raWy 
from insomnia. 

Exumiuatiou rexealed a depressed, woiu-out appearing, stoop'evi. di>inu<i(,r.tf,i v,(j'iVtT 
xvho appeared older than her* .stated age. Throughout the interview >he 5 jgh.*d ^ 
deal. Her w’eight was 139*^ pounds, the blood pressure lid 72. ucd pul-e wai» 
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0 t. moderately enlarged nodular thyroid was present, but 

0 s.^us ot hNpeithyrouh.sin could bo delected. The heart was normal in si/.o and the 
heart sounds were normal in character i.ududing examination at the base during e.xpira- 
on and at the apex in the left lateral dccubitms after exercise. Physical examination of 
fimpaired breath .sounds at the left base but no evidence 
Ihere was moderate edema limited to the right leg which was the site of extensive 
varicosities. A 12-lond oleetrocardiogrum revealed multiple premature contractions of 
ventricular origin, a rate of 5S, and no other abnormalities. A teleoroentgeuogram re¬ 
vealed no enlargement or diaplaecmeut of the cardiac silhouette. 


Diagnoses were: (1) pulmonarj- lesion left base of unknown nature; (2) premature 
contractions of an irritable heart but no objective evidence of organic heart di.sease; 
(3) nontoxic nodular goiter; and (-1) chronic anxiety tension state aggravated by the 
consumption of excessive amounts of cotVee. 

Symptomatic administration of <juinidiuc sulphate and .salicylate preparations gave 
.some relief, ihe patient failed to reduce her intake of coft’eo and the jireponderance of 
symptoms that ajipeared to be of functional origin and to bo related to a respiratory 
alkalosis of chrouie hyperventilation and to poor posture discouraged exploratory thora¬ 


cotomy. 


She was ro-admitted to tho hospital on April 1, 1955, because of a marked increase 
in symptoms of dyspnea, cough, chest pain, palpitations, and swelling of tho legs. Phy.sical 
/hidings were essentially as described previously' except for an increase in the left thoracic 
dullness and corroborative roentgen findings of an increasing pleural elTii.sion and an acute 
thrombophlebitis involving tho right leg. 

Clinical findings of importance wore a hemoglobin of 13.5 Gm., the red blood cells 
numbered 4.51 million, white-blood colls 5,C50, and a difTorential count was within normal 
limits. The sedimentation rate was 29, tho serum bilirubin O.G ing. per cent. The total 
protein was G.GS Gm. per 100 c.c. of which 3.9 Gni. were albumin and 2.7S Gm. were 
globulin, or a ratio of 4:3. Examination of 500 c.c. of an amber pleural fiuid removed 
showed a specific gravity of 1.023, a cell count of 10 to 20 red blood colls per high- 
powered field, 2 to 5 wliitc blood cells of wliicli 11 per cent were polymorphonuclear 
leukocytes and S9 per cent lymphocytes. No malignant cells were seen in tho sediment. 
Fluoroscopic and roentgen findings were as described previously. Electrocardiographie 
studies were essentially normal except for premature ventricular beats and the cardiac 
evaluation at this time was suggestive of no serious organic heart disease. Bronchoscopy 
was repeated with similar findings to those just described. 

A left thoracotomy was porformed on April 29, 1955, utilizing a posterolateral in¬ 
cision. The left seventh rib was resected and the pleural .space was entered through the 
periosteal bed. A huge mass was found filling the loft lower thorax and coinpre.ssiiig and 
adherent to the lower surface of the left lung and the pericardium, ihe surface of the 
mass was covered with large vessels and after careful extensive dissection the tumor uas 
found to arise from a pedicle about 4 inches in diameter in the dome of the left leaf of 
tho diaphragm. The tumor derived its blood supply from the pericardiophrenic and in¬ 
ferior phrenic vessels. The mass was separated from the chest wall, diaphragmatic surface 
of the lung, and pericardium by sharp and blunt dissection. The central portion of tlio 
diaphragm was excised with the tumor and both were then removed. The diaphragmatic 
defect wa.s repaired by closing the two edges of the defect with interrupted cotton .suture.s. 
Hemostasis was secured and the chest wound was closed with intrapleural, subaqueous 


The patient’s convalescence was uneventful except for a .slow re-expansion ot tne 
left lower lobe. She was discharged to her homo on A/ay 13, l9oa. Follow-up examina¬ 
tions have shown a progressive improvement in the patient’s symptoms and general condi¬ 
tion. Her heart has been slow and regular without medication and her dyspnea has dis¬ 
appeared. She continues, however, to complain of intermittent left shoulder and chest 
wall pain but of much less degree than the preoperative pain. Follow-up x-rays have 
shown a normal postoperative chest (Fig. 2). 
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1*ATH 01.001C DKSCKIPTION 


ffiOM Dr.scni)/ 10 ) 1 .—The .spi-dmeu <- 0 HsisteiJ of u largo ovoid tumor uliioh measured II 
l>y 18 by '-3 cm and weigl.ed I,:U)0 CJm. (h'lg. 3). The external surface pre.sented a variegated 
appearance. Tliero was ai.purent encapsulation but many glistening nodules of violaceou.s, 
edematous tissue ranging from 0.3 to 6.0 cm. in diameter were .scattered over the .surface. 
Small pieces of striated muscle and parts of the central tendon of the diapliragm were on the 
surface where the pedicle had been dis.sected free. Areas of the surface between nodules were 
tan, tirni, and quite dense. 


The cut surface eximsed two di.ssimilar types of tissue present in atqiroximately equal 
amounts but irregularly distributed. The solid areas of the specimen were composed of 
light tan, Jibrou.s, resilient, spheroidal nodules which bulged above a thin membranous 
pseudocapsule. The resemblance of these nodiile.s, varying from 1.0 cm. to 10.0 cm. in 
iliaiiieter, to uterine leiomyomas ivas striking. Occasional small yellowish areas were also 
seen. 


The remainder of the cut surface consisted of moist, red-purpic, delicately fibrous 
tissue which contained many small cysts up to tl cm. in diainetor. Direct continuity was 
seen in many places between the violaceous noilulcs upon the external surface ami similar 
tissue within the tumor. 

Microxcopic J'jxamindtioii .—lllocks of ti.ssuc were removed from more than thirty-six 
different areas of the speeimen. Paralliu sections were prepared and were stained witli 
hematosylia and oosin, Gbmbri’s trichrome stain, Wilder's silver rctieulin stain, VerhoelT’s 
elastic stain, van Gieson’s eonneetive tissue stain, and with yihosphotungstie aeid-heniatoxy- 
lin. Frozen sections were also prepared from representative areas of the fresh specimen 
and were .stained witli Terry's stain (polychrome methylene blue), or with Sudan IV for 
fat. 

.■\s noted upon gross examination, mieroseojiy revealed two dominant Iiistoiogie 
pattern.s. Sections from the solid areas were composed of tightly packed, well-dilferen- 
tiated, fusiform or filiform cells arranged in interlacing bundles. Oeeaslonally, the nuclei 
were palisaded forming iU-defined Yeroeay bodies. There were no giant colls or mitoses, 
but scattered foam cells coutaiuing suduuophilie vacuoles were noted in some areas. The 
.staining reactions of the tumor cells with the various stains were those of delicate eon¬ 
neetive ti.ssue (not collagen) rather than smooth muscle (Fig. 4). 

The remaining areas of tlie tumor were very cellular, but the cells were small without 
defined eytoplasmic borders; the stroma was edematou.s, almost my.xoid, with scattered 
cysts arising from coiliiiuiilive necrosis (Fig. 5). 

Sections through the pedicle contained tumor, fragments of normal striated muscle, 
and pieces of the central tendon. 

The pathologic diagnosis was benign iieurilcmmoiua arising from the pleural siiiface 
of the left leaf of the diaphragm. 


DI-SCU-SSION 

In liis classification of the peripheral nerve tumors, Stouf'^ has grouped the 
neurilemmoma as a benign, neuro-ectodermal neoplasm of supportive tissue 
type, or a tumor of nerve sheath origin. He lists as .synonyms of this tnnioi 
the following: neurilemmoma, angioneurofibroma, false neuroma, fibiogangh 
oma, acoustic neuroma, fibromyxoma, glioma, myoschwannoma, neuiiiemo- 
blastonia, neurinoma, neurofibromyoma, neuroma fibrillare, peripheral glioma, 
perineural fibroblastoma, perineural glioma, Schwannoma, Schwamioglioma 
and specific nerve sheath tumor. 

It is obvious, from this foregoing list of synonyms that lesions of this type 
have been described by numerous authors and have been found in many loca 
tions, including the thorax.® Jlost of the gross descriptions of tumors have 
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B, 

Fig. ri.—^l, External appearance of tumor showing irregular surface with large and small 
cysts, nodule.s, and <lilated blood vessels. B, Cut surface of tumor demonstrating- lobular 
division of tumor by mucoid septa. 





Fig-. 4.—Microscopic section demonstrating Antoni type A pattern with well-dlfterentiated Ali¬ 
form and fusiform cells, interlacing bundles, and palisading nuclei (XTo). 


Fig. 



5.—Histologic 


section of Antoni type B area, showing cellularlty, myxoid stroma, 
nuclei, and haphazard tissue arrangement (X4 jJ. 


large 



\*olume 3 I 
Number 6 


NEUKILEitMOltA OP DTAPHIiAGjr 


757 


corresponded to that reported Iiereiii and the encapsulated variety lias been 
considered most frequently to be benign. Tlie histologic picture has been 
characteristic and two mieroscopio patterns consisting of a solid complex, the 
Antoni type A, and a cystic or loose eomijie.x, the Antoni type B, have been 
the most common.’’ 

The symptoms and signs exhibited by this patient have been similar to 
those previously described.. The shoulder and arm pains were apparently due 
to diaphragmatic irritation. The cough could have been due to pleural and 
hjwjoiial derangement, while the exertional dyspnea eonld well hare been the 
result of mechanical interference with respirations. 

The diagnosis of this tumor was dependent on the surgical exploration of 
the thorax, and although pneumothorax and pneumoperitoneum were not pei’- 
formed, it was not felt that they would have added to the roentgen survey 
described. In retrospective consideration, the patient should have been 
operated upon sooner and would have been if the nature of her disability had 
been understood and the functional aspects of her disability had created less 
of a problem. 

The patient’s postoperative course has been singularly favorable and, in 
view of the benign character of the lesion, on excellent prognosis should be 
her outlook. 

SUMMARY 

1. A primary neurilemmoma of the left leaf of the diaphragm occurring in 
a 55-year-old housewife is presented. 

2. The lesion was successfully resected with recovery of the patient. 
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HYPOTENSION FROiH ARPONAI): AN AID IN THE SURGICAL 
TREATMENT OP PATENT DUCTUS ARTERIOSUS IN OLDER 

PATIENTS 

Allex E. Greek, :M.D., axd R. Gibsox Parrish, M.JI. 

Oklaho.ma City, Okla. 

A ME l HOD oC prodiieinjj liypolension from Arfonad makes tlie surgical 
/v treatment of patent ductus arteriosus in aged patients more safe. 

Hypotension is easily controlled by a single anesthetist by regulating an 
intravenous drip of a solution containing Arfonad. Controlled hypotension 
causes the vessels to become flaccid and more easily and safely manipulated. 
HA'potensiou produced in this manner by Arfonad is without apparent serious 
side effects. 

This type of surgery has been more difficult in older patients than in 
children because of loss of elasticity of large vessels, atheromatous changes, loss 
of tubular sti’ucture of the ductus, and a higher blood iiressure. The combi¬ 
nation of these conditions make it technically more difficult to divide and suture 
the patent ductus arteriosus ui patients in the third and fourth decades. 

Groves and a.ssoeiates have used hypotension produced by the method of 
Gardner and Hale at the Cleveland Clinic Foundation to aid in the surgical 
treatment of a large or complicated patent ductus arteriosus.^ This method of 
lowering the blood pressure is performed by bleeding the patient until the de¬ 
sired state of hj^potensiou is reached. The blood is taken from a peripheral 
artery and is replaced in a similar manner as necessary at the termination of the 
procedure. This method has much to commend it, but is a little too cumbersome 
to use for hypotension needed for only short periods of time. The procedure also 
necessitates a trained individual besides the anesthesiologist to aid in regulating 
the level of hypotension, liquipment is necessary to replace the blood under pres¬ 
sure and care must be e.xereised to avoid air embolism. Finally, an artery must 
be utilized for the procedure, which is difficult to canuulate without open e.v- 
posure of the vessel. 

Hypotension produced by drugs obviates these difficulties. Arfonad ap¬ 
pears to be an ideal drug for lowering the blood pres.sure and it has been used 
in many types of surgery as indicated in a report by Sadove, Wyant, and 
Gleave.^ Arfonad is a thiophanium derivative which has the characteristic 
ganglionic blocking and hypotensive effects of tetraethylammonium bromide. * 

I have observed a neurosurgical colleague use hypotension produced by 
Arfonad to facilitate ligation of an aneurysm on a middle cerebral artery. The 
procedure was striking in that the vessels were seen to pulsate feebly and ap¬ 
peared to have little tension. The ease of handling this type of aneurysm was 

The Arfonad used in most of tiie cases reported in this series was fui'nislied tlirough 
the kind cooperation of Dr. Thomas C. Fleming of Hoffmann-I.a Rociie, Inc. 

Received for publication Oct. 5, 1955. 
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leinaikable in compausoii to those ticated Aitii iioimal aiteual piessuie Of 
course, the application ot this type ol liypotciisioii to huge vessel surgeiy ivas 
immediately suggested 


CISL UII’OKIS 

C\Sh 1—K W.f a woman, agej 30, complained of sliortness of bicatli, fatigue, 

and rapid heart action She had had a Icbiile illnc'.a at the age of fi\o or ‘U\ winch 
la-sted for se\eral weeks, ind some >cars liter was said to bo rheumatic fe\er In high 
school, a heart murmur prcicntcd her from entering in competiti\e sports In 1915, an 
illness, of which she did not remember the details or sjniptoms, kept her in bed si\ weeks 
faince then she followed a restricted life, but she had had three pregnancies that terminated 
m normal deUicnes without compheatioiis For one jear, there had been a noticeilile in 
c re ISO 111 hhortiicss of breath with mild exertion 

PlijMcal oxaiiuuatiou showed the pulse to be 00 and blood pressure 120/10 A <on 
tinuous procordial muiniur was pre*'tnt which was loudest m the ‘«ccond left inlerspiiei* iiul 
infraelaMcuIar area-. The heart was acti\c and there was a cliffusc apical inipul‘-e There 
was some cardiac enlargement with the left border of the heart outside the midelavicular line 

A roentge’nogram ot the chest revealed a prominent pulnioiiarv artery and acfcntu itioii 
of the vascular markings of the lungs The heart was moderately enlarged with a rounded 
apex 

An electrocardiogram reveiled some rojocardial changes, but nothing of diagnostic 
signiheauce, there was no axis deviation 

Cardiac cathetenration revealed a pulmoii in iricrv iirt'*'‘Ure of S0/-10 The riglit 
ventricular pre^xure waa aO/0 x Oxvgen xjturation studies were* consistent with the diagnosis 
of patent ductUs arteriosus 

On Feb 10, 1054, divjaion and suture of a ductus, 1 cm m diameter, was performed 
This vv Is facilitated b; loiveriiig the systemic pre«sure to SO inm by the u-e of Arfonad 
for a period of about fifteen minutes The pressure was allowed to return to normal after 
the clamps were removed and no bleecbng was noted from the suture lines 

The postoperative course wa» uneventful and an examiuation on March 24, 1954, rc 
vealod a 1 *) cm reduction m the transver'-e diameter of the heart Xo murmurs were evident 

2 —P V. a white woman, aged 3S, complained of fatigue and mild exertional 
d)spn*a lieait iiurmur •since birth restricted her actmt>. During the Id'st few jears 
she hal noted imre.-m^ fatigue and «ome shortness of breath while doing her housework. 

Phx-ual • M '^ati revealed a blood pre5«ure of 135/55 and a regular pulse of S4. 
4 . coutinuou- nil n u v ih -^-tolic accentuation was present at the ba-e of the heart with 
the {oint ot maximum intcnsitj in the second left intersijace. The pulmonic second sound 
waa a* tentuated lh« rtmainder of the physical examination was es'-cntiallv normal 

1 roentgenogram of the chest «hovved some left ventricular enlargement and prominence 
of the pulmonarv arterv 

Tardiac cafheteri/ation atudies ahovved a pulmonary artery prcawnrc of 17 8/10 12 
Pressures m the right ventricle were 22 24/2 5. Oxygen -araplea were looaijtent vvith the 
diatTio-n* or patent ductua arterio-u- 

On Marca 4. 1954, divi-ion and «uture of the patent ductus arterio-us was pcrfonnid 
The auitua measured 1 4 cm. in outaidc diameter and was very short After the ductus had 
been diaaecled, Afronad waa given and the av^temic pressure waa lowered from 340 rnni 
to 9«t mm. -T-tolic The ductUa wa* clamped, transected, and sutured uneventfully. It was 
of interest to note that the wall waa rather avlerotic and irregularly thickened. The pre-aure 
VY-ia ‘ulowed to return to the normal level after the clamp- had been removed (about nftce/j 
laiau'e- to* d time) 

Tte po-toperative cour-e wa- nneventful and one month later an examination ri^veaJeJ 
^ ^:.airactory appearance. The leart size had diminished 1 in trun-v*r->> diarreter 
^ ..o oi on a roentgenogram of the chest. 
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ASh .5. P. L., a wliite woniaii, aged 2::, was first seen in St. Anthony’s Hospital 
because of to.xeniia of piegnaiicy and .spontaneous aliortion. At the time of tliis hospital¬ 
ization, enlargement of the heart and a heart murmur were noted. In reviewing the cardio- 
lesjiiratory system, it was found .she had noted forceful heart action for many years but had 
not given this much thought. She was certain it had become gradually wor.se and on 
occasions at night this was sunicieiit to shake the bed. This forceful beating was accentu¬ 
ated by exercise which also caused shortness of breath. No other signilicant .syniptonis were 
elicited. 


Her history revealed severe pneumonia in the first year of life with near fatal out¬ 
come. Recurrent respiratory infections had occurred every year and frequent bouts of 
epistaxis had been present from the age of six years. 

Physical examination showed a very .slender girl, taller than average. The blood 
pressure was luO/50, pulse 8S, temperature 08.0“ P. The carotid arteries pulsated vigor¬ 
ously and there was a slight Corrigan puli-e present in the extremities. The heart appeared 
to bo moderately enlarged. A loud harsh systolic murmur was pre.sent which continued 
through the second sound and ended in early diastole. This murmur was loudest over the 
pulmonic area and left sternal border. P, and M, were accentuated. 

Pluoroscopy of the chest revealed a prominent and somewhat dilated pulmonary artery 
with rather marked pulsation of the pulmonary artery and hilar vessels. The left ventricle 
was markedly enlarged. 

Electrocardiograms showed hypertrophy of the left ventricle. Cardiac catheterization 
studies were consistent with a patent ductus arteriosus. The pulmonary artery pressure nas 
mm. Hg and a right ventricular pressure was 70/5 mm. Hg. 

She was admitted to St. Anthony’s Hospital Peb. J2, 1951, and division and suture 
of tho patent ductus was carried out. During clamping, cutting, and suturing of the 
ductus arterious, Arfonad was administered to lower tho .systemic blood pressure to SO inm. 
.systolic. The ductus was conical in shape, measured 1.5 cm. in diameter on the pulmonary 
artery aspect, and was much wider on the aortic .side. 

Convalescence was uneventful and a follow-up examination in four months revealed a 
blood pressure of llS/7-1. No murmur was evident and the heart was quiet compared to 
the preoperative examination. Tho pul.'>e was no longer of a Corrigan type and the carotid 
arteries did not pulsate markedly. 


Case -1.—J. B., a white woman, aged 38, had known patent ductus arteriosus for at least 
ten years, but with few symptoms. Six months prior to the referral by her phj’sician, a 
severe respiratory infection occurred which responded to antibiotics. A cough persisted and 
was productive of mucoid sputum. The cough was paro.xysmal and occasionally the sputum 
was streaked with blood. About tun days prior to hospital entry, a second respiratory in¬ 
fection occurred with aggravation of the cough. She smoked a package of cigarettes a 
day which seemed to aggravate the cough. 

Physical examination revealed a pulse of SO, blood pre.s.'iure 130/GO. A continuous 
murmur typical of patent ductus arteriosus was present over the second left interspace and 
infraclavicular area. An occasional sibilant rale was present. 

Roentgenograms of the chest revealed marked prominence of the pulmonary vessels. 
The transverse diameter of the heart measured 15.5 cm. as compared to a 28 cm. trans\ ei.se 
diameter of the thorax. 

On May 3, 1955, division and suture of the patent ductus arteriosus was performed 
with the aid of hypotension induced by Arfonad. The ductus arteriosus measured 1 cm. 
in diameter on the pulmonary aspect. The intima presented partially calcified plaques. 

She was discharged on tho tenth postoperative day after an uneventful po.stopera ive 
course. A follow-up roentgenogram in one month showed some reduction in the size o 
heart. 

Case 5.—L. D., a white woman, aged 38, was known to have a heart murmur since 
an early age. Whooping cough had occurred at the age of six w'eeks during wluci i 
was some cyanosis. After that, she had no further episodes of cyanosis. An occasio 
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irregularity oi llie heart Ind been noted Couglimg begin nliout eight iieeks before ad 
mission to St Anthony Ifospit il on Jan 15, 1955 She denied restriction of actiiity at any 
lime 

physical exannintion rcycakd a. pulse of S4, blood pressure 144/70 The heait 
cMininatiou showed i continuous murmur o\tr the second lott interspice and infracla\icular 
areas >[oist ind drj riles were audible over both bases 

Arruigements were made for hospitnl admi8''iun, but i<ute respirator} distress occurred 
ntcessitating an omergi.nc} admission Tlicrc were coarse sibilant riles throughout the 
lung fields and prolongation of both phases of respiration It w is thought these symptoms 
were due to ui uute obstructive bronthilis superimposed on pulmonary h}pertensiou 

Medical thcripy w is elHi-tive in clearing the rcspiritory infection and on Jan 20, 
19oo, division ind suture of the patent ductus aitcnosus w is performed The vessel measured 
1 cm in diuueter on the jjulmonar} aspect Aifomid was used to cause hypotension during 
tlic clamping, cutting, and suturing of the ductus The pressures weie brought back to 
nornul during the suturing of the pulmoiiai} side AVheu the Gelfoam pledget was removed 
from the lortie suturi line, bleeding oicuritd which necessitated two interrupted sutures 
for (oiitrol 

The patient w is disdiir^cd from the hospit li on the eleventh postoijcrative day 
Lximinition m three weeks rcvciIed i pulsus iltcrnuis wliuli disippeued with digitalis 
idminietr itioiis llic he irt had diminished m si/c slightlv flic subsequent course was 
unev entful 

DlbCU^SIOV 

The clianyi-S m the cli.u.utci of tlie Mssclh with .i diop of s^stolK• blood 
picssuie of 30 to -10 iiiin If;; is icmaikable Tlie aoita, whieli is tense and 
often liulhous at the site of ductus aitciiosus, hecomes pliable and almost 
flateid and has a feelitiji; ol elasticity that is not ]ntsent piioi to the production 
ot hypotension Clampiiif^, cuttiii!;, and sutiiiiiif; of the ductus is done with 
about the same ease as iii a child Bleeding is iniiiiinal fioiii the suture line 
at the time the clamps aie lelcased and as the piLssuie is bi ought back to 
uoiiiial ley els, no fuithei bleeding occius 

The piessiue is alloyiod to leniain doyvn only duiing the tune of aetiial 
clamping, transection, and sutiumg of the ductus, a mattei ot some fitteen to 
tyyenty minutes, at the most This time, witli the systolic pie'-suie of aiound 
80 mm, IS not sufficient to be inluiious to the yital oigaiis a mattei foi con 
sideiation in piolonged procedmes Clinical shock is not oMdeiit as the pulse 
late loniains at the piehypotensne late 

Aifonad is usually adiiiinistcied iiitiaycnonsly in a 0 1 pii cent con 
centiation The blood piessuie drops sloyylj, at times taking as long as five 
minutes to leach the desned state of hypotension The piessuie uses sloyyly 
aftei the ding is discontinued Neosyiiephiine oi a similai yasopiessoi ding 
yyill cause an nnmediate use in pressuie should the need occui Howeyei, 
aftei the administration of a yasopiessoi agent, it is almost impossible to loyvei 
the piessuie again by fuithei admiiustiatioii of Aifonad Tins point is of 
piactical eonsideiatiou foi yasopiessoi agents should not be guen anytime 
piioi to the use of Aifonad, if this type of liypotension is contemidated 

An outstanding featuic is the facility yyitli yvliieh tlie piessuie can he 
coutiolled by an unaided anesthesiologist Control is possible by' regnlatuig 
the late of intravenous flow of fluid containing the drug As the need foi 
hypotension is veiy short, this method is particukuly applicable to the diyisioii 
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and suture of a patent ductus arteriosus. Comidieated problems sucli as an 
aneursym of the pulmonary artery, in ca.ses of patent ductus arteriosus, might 
also be more easily treated with hypotension produced by Arfonad. 

SUMMARY 

1. IMorc technical difficulties occur in the surgery of patent ductus arteri¬ 
osus in older patients than in children, and the risk is thereby increased. 

2. These technical difficulties are directly related to : (a) lo.ss of elasticity 
of the large vessels and to atheromatous changes; (b) loss of the tubular 
structure of the ductus; and (c) a relatively higher pulmonary artery i)ressure. 

3. Controlled hypotension causes the vessels to become llaccid and more 
easily and .safely manii)ulated. 

4. Hypotemsion is easily controlled by a .single anesthetist by the regulation 
of an intravenous drip of a solution containing Arfomui. 

5. Hypotension produced by Arfonad is without apparent serious side 
effects. Hypotension of 80 mm. Hg .systolic for 15 to 20 minutes is sufficiently 
long for division and suture of the patent ductus arteriosus and of not sufficient 
duration to be injurious to vital organs. 

6. A slow reversal of hyi)otension is obtained by stopping the admini.s- 
tration of the drug and a more rapid reversal is caused by the administration of 
a vasopressor agent. 

7. b'ive case reports of ijatcnt ductus arteriosus so treated are presented. 
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PARTIAL RESLCTION OP THE CLAVICLE IN THE SURGERY 
OP PULRONARY TUBERCULOSIS 

Tnioriiv Tvkvro, AIE 
AIirvj, In Dll 

V .ARIOUS inetliods of dealing iidh laige ehioiiic tubeieulous bioiicliopleuial 
fistulas, imiij enias, and siibseapulai space mlections have gamed acceptance 
among chest suigeons oiei the past few decades These include e\tiapleuial 
and Schede thoiacoplastics, muscle tiansplantation, paitial seapulectomj, and 
skill gi ifting Occasionally a duett icsutnie of the open bronchus is said to 
be successful, and sometimes le icsection has to be done The pioblem of 
olihteiating chionioallj infected tubeieulous spaces, eithei intia oi e\tia 
pkui il, IS eomplicated by the iigidity of the bony stiuctiues of the chest wall 
and the shouldei giidle Usually, when a sufficient nuinhei of iibs has been 
leinovcd, oveilying the infected space, oi a sufficiently laige poition of the 
entile thickness of the chest wall, including iibs, inteicostal muscles, and 
p metal pleuia, has been icscctcd, closure of an empyema canty can be 
achieved Similaily, excision of infected mateiial, paitial scapuleotomy, and 
muscle tiansplantation aie usually effective in obliteiatnig a subscapulai space 
infection Occasionally, howevei, the infected space peisists, especially in its 
uppeimost extremity, in spite of all cffoits to obliteiate it In two such in 
stances it occuired to us that the muscles of the shoiddei gndle could not fall 
in against the chest wall, in the case of a subscapulai infeetion following 
thoineoplasty, oi against the visceial pleuia and raediastinum, in the case of 
an apical empyema with laige bionchopleuial fistulas, because the shouldei 
giidle was held out fiom the chest wall by the iigid claiicle This seemed to 
pi event obliteiation of the infected spaces iii each instance It was decided 
that 1 esection of a portion of the clavicle, iii combination with othei pi oeedui es, 
might lesult in sufficient medial displacement of the eiitne shoulder giidle 
to allow healing to take place Since, to oui suipiise, both eases weie success 
till we aie lepoitnig them in some detail 

CISE REPORTS 

rvsF 1 —G S K , *1 22 ye'll old Indian boy, was first idmittLd to the ^Vanless Sanatonuni 
m 19o0 with far ‘idvanced chronic pulmonary tubeiculosis of three jtars durition He had 
'i large cavity in the left upper lobe, which left ‘irtificial pneumothorax Ind failed to control 
m spite of a partiil internal piieuiuonolysw Consequentlj, a two stage left posterolateral 


rrom the Wanless Tubeiculosis Sanatorium ■\\anlcssw idl S Satara India 
Received for publication OcL 10 1955 



764 


TAKAIIO 


J. Thoracic Surg. 
June, 1956 


thoracoplasty was done, and completed in October, 1951. The wound became iufectcd, and a 
chronically draining sinus from a suLscapular space infection persisted for three yeais. This 
sinus, which opened in the lower third of tJio old posterolateral skin incision, was partially 
excised or curetted on four separate occasions over the ensuing years, but after remaining 
closed for a few weeks, it reopened each time. He was readmitted for tlic third time in 
ilarch, 1951, and a Lipiodol study of tho space showed that it extended well up behind 
the left clavicle (Fig. 1). Tho sputum smears for acid-fast bacilli had been negative for 
years. Culture of secretions from the sinus was not available. 





Fig. 1.—Case 1. Tlie chronically Infected subscapular space, outlined by Lipiodol, e.vtends 

well up behind the clavicle. 

On March 5, 1954, under Xylocainc epidural block, with tho patient lying on the right 
side, the old scar, sinus tract, and infected space were widely excised. Tho regenerated 
bone which formed a wall of tho space was quite healthy looking, and no foreign body was 
found. One quickly got the impression that tho large remaining dead .space was being 
held open by the strutlike action of the left clavicle, and that a portion of this would need 
to be resected. Accordingly, the wound posteriorly was closed around a large rubber tube 
drain, and the patient was turned over on his back. Using fresh gowns, gloves, and in¬ 
struments, a 6 cm. portion of the middle of the left clavicle was subperiosteally excised, 
and the wound closed without drainage. Pathologic examination of the excised posterior 
sinus tract showed chronic granulation tissue consistent with tuberculosis. Culture was 
not made. 

For two weeks following surgery the patient was given penicillin and streptomycin. 
The drain was removed on the third postoperative day. The wounds healed conipletelj, 
and have remained healed for the twenty months since operation that he has been followed. 
The degree of medial displacement of the left shoulder girdle as a result of the operation, 
is illustrated by Pigs. 2 and 3. 

Case 2.—Y. B. I., a 33-year-old male Arabian patient, was admitted to the Wanless 
Sanatorium in June, 1951, witli far advanced pulmonary tuberculosis, bilateral, of about six 
months’ duration. He had had a 5-rib two-stage right posterolateral thoracoplasty perfornie 
in September, 1952, but the sputum remained positive for acid-fast bacilli, and a residua 
cavity was apparent under the thoracoplasty on radiograms. On March 12, 1954, therefoie. 
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right upper and Jiiiddlo lobectomy, and rcscctioa of the superior segment of the riglit lower 
lobe were carried out. Tlio postoperative course was stormy, witli the development of re¬ 
curring atelectasis of the basal segments of the right lower lobe. Eventually the patient 
refused further bronchoscopies and iutralraehcal aspirations, and a tracheostomy had to be 


Fij?. 2. 



Fie. 3. 

Figr. 2.—Case l. Cliest x-ray before clavlculectomy. Eacli «Uvlsion equals 1.5 cm. The 
air-fllled subscapular space Is clearly seen on the left side. 

Fig. 3.—Case 1. Chest x-ray following resection of C cm. of the middle portion of the 
left clavicle, showing medial displacement of entire left shoulder girdle, .and obliteration of 
the infected subscapuiar space. 

done to aspirate the right lower lobe. Nevertlielesjs, an emp\eina and multiple broncho¬ 
pleural fistulas developed, and open drainage was establi.shed three weeks after the 
resection. In 3Iay, 1954, the first of two stages of Schede thoracoplasty was curried out, 
with resection of the regenerated bony plate from the old thoracopla.sty, including tlic 
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fu'ht live iLbi), iiiteicobtiil musclcb, uml infected piiriotul pleura. Two iiioutli.s later tlic 
becoiicl .stage was done, ineluding the .seventh tluough the tenth ribs and underling struc- 
tuies. A wide open wound remained, with infected co.stal cartilages in its anterior depths, 
a collapsed lower lobe infoiiorly, and multiple bronchopleural listiilas .superiorly. The 
scaxiular musculature could not come niediall\ against the mediastinal pleiiia because it 


FIk t. 



Fig-. 5. 


of the midille portion of the 


Fig. 4.—Case 2 Chest x-iay prior to partial lesection 
right clavicle. -V tiacheostoniy tube is in place (See te.xt.J 

Fig 5—Case 2. Chest x-ray following paitial lesection of the ' 
medial displacement of the entire light shoulder giidle and obliteration of empy 


seemed to be held out by the stiutlike light clavicular bone. Accoidingly, partia 
claviculectomy was decided upon and cariied out in August, 1954, five inonths after the 
original resection. At the same time, after carefully draping aw'ay the clavicular wouu , 
multiple infected costal cartilages w'ero lesected through a separate paiasternally place 
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incision A second reniov il of pariistcriial iiifcctcil costal cartilages ii is done tiio inontlis 
later but, b} this tune, it iias apparont that the shoulder girdle ins nell up against the 
inedmstinal pleur i, and that closure could bo accomplished of the long narroii but deep 
posterol iterpl iioiiiid, in the bottom ot Mhith three bronchopleural fistulas still Here 
present, though coiistdcrabh smaller In Tiiiuan, 1955, ten months after the resection, 
plastic closure of the large Hound tins iccoinplishcd bj transplantation of the sub 
scapnlaris and latissimns dorsi muscles, and eacision of the loner third of the scapula 
On a conibinition of aioni^ciii and cjanacetic acid hadraride (since he had long since 
become clinicall} resistant to the usual antiinicrobi ils, we felt), the nouiid, irhich had been 
drained for about i iiceli, healed up coinpletol}, and the bronchopleural fistulas aero 
closed Some re expansion of the remainder of the right loner lobe became apparent on 
\ rax s of the chest The ivoniid h is lein lined healed for the nine months that he has been 
followed since the last operation The degree of medial displacement of the right shoulder 
girdle following partial claxienlectoni^, is illustrated In Tigs 4 and 5 

DISCUSSilON 

Cl.ixloulectomy, eithei paitial oi complete, is iisiiaLIx' leseixed foi tiimois, in 
feetioiis, 01 tiaiinia to this bone, ot foi gaining access either into the neck oi 
the niedi.istiiuini foi iieutologie, taseulat, ot thoracic suigienl piocediites 
We found only one icpoit ot ela\ iciilcctoniy as an adjunct to siiigieil collapse 
of the chest avail m the htoiatuie of the past ten yeais, and no lefeienoe to it in 
any ot the standaid tliotacie sitigical textbooks Lambeit,* m tins Joiunal, in 
104b, lepoited tluee c,iscs of tubciciiloiis empyema following pnenmothoiax, 
XXInch had peisisted in spite of open diainage, Schede thoiacoplasty, pack, 
paitial scapulectoinj', and pluenie tiiish Polloxving paitul claxicnleetomy, 
txxo ot Ills patients xxeie diseliaigcd from the hospital xvith small diaming 
sinuses, and one patient died of geneializcd disseminated tuberculosis txxo 
months aftei the opeiation These cases xvcic tieated befoie the appeal aiice 
of stieptomyeiii, paia aniiiiosalicylic acid, and isoniootinie acid hydiazide 
Since these potent aiitimieiolnal agents have become available, the numbei of 
times that pioblems aiise in xvliich claviculectomy might be indicated must 
siiiely be imieh less than foiineily That othci suigeons aie occasionally le- 
soiting to this pioeeduie still, hoxvcxei, is ex'idenced by a peisonal communiea- 
tion liom lOi J D iMiirpliy,- xvho lepoits txvo paitial claviciilectoinies done 
at Oteen, Noith C'aiolina, ioi similai pioblems Both patients xveie lepoited 
to haxe done “exceedingly xxell, xvitli piactically no impanmeiit of shoulder 
giidle function ” 

The teehmcpie xve folloxved xvas much like Lamheit’s We haxe, of coiiise, 
used separate diapes, goxvns, gloves, and iiistiumeiits for lesecting the clavicle 
xvhen a combined pioeeduie xvas planned, in oidei to pievent the clean 
elaviculai xvound fioin becoming contaminated The skin incision, made ovei 
the middle half of the clax'icle, is deepened thioiigh platjsma muscle and 
peiiosteiim doxxii to hone The middle 6 oi 7 cm of hone is stiipped of 
peiiosteiini and lesected, tlie Gigli saxv being a useful tool foi this pin pose, We 
haxe not found it necessaiy to lesect as much oi the cl.ixiele as Lamheit le 
poited doing Aftei leappioMiiiating the peiiosteiim, and the platysma, the 
skill is closed xvithout diainage T.nenl nnostboxin wno nQoil bntb 
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Considering the extensive ehest wall surgery carried out on both of these 
patients, dysfunction of the involved shoulder girdle has not been marked, in 
either ease. 


SUMMARY 

Two cases of pulmonary tuberculosis arc reported, in whom long-standing 
infected sidjscapular or empyema spaces, complicated in one by the presence of 
multiple bronchopleural fistulas, were successfully obliterated, with complete 
healing in both, following partial re.seetion of the clavicle, in combination with 
sinus excision in one, and Sehede thoracoplasty, muscle transplantation, and 
partial seaptilectomy in the other. It is believed that the rigid clavicle occa¬ 
sionally prevents the shoulder girdle muscles from falling in against the chest 
wall or visceral pleura sufficiently to eradicate the infected space. The procedure 
is simple, safe, apparently effective, and a.ssoeiated with very little additional 
shoulder girdle dysfunction. 

KEl-'EREXCES 

1. Lambert, A.: Partial Claviculeetomv a.s an Acljiiiiet to Surgieat Collapse of the Ciiest 
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Dfiarue, Norman C_25 Donlea Dri\c, Toionto 7, Ont 

De Matteis, Albfkt_ 1216—'13th A\c, Altoona, Pa 

Dueley, Walter L___410 Medical Arts Bldg, Nashville 2, Tenn. 

Dodds, G Aijred.. _807 Broadwaj, Fargo, N D. 

Drake, Emerson H___29 Deenng St, Portland, Maine 


Eolee, Edward P_105 East 53rd St, New York, N Y. 

Ellis, F Henry, Jr -Mayo Clinic, Rochester, Minn 

Emerson, George L-26 Strathallan l^irk, Roclustcr 7, N Y 

Finnerty, James _156 N Ocean Aie, Patchogue, L I, N Y 

Fjshbyck, Frederick C- 1335 Eje St, N W, Washington, I) 0 

Ford, Wiliiam B_1107 Clark Bldg, Pittsburgh 22, Pa 

Fo\, Robert --2136 Eobincrcst Lane, Glenview, 111 

Fpench, Sanford W, III-Lettermin Arm> Hospital, San Francisco, Calif. 

Friedlander, Ralph -1215—5tU Ave, New York 29, N. V. 

Frilsen, Stanley R-39th and Rainbow, Kansas City 3, Kansas 
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Gerbasi, Francis S.__ 

Glenn, Frank_ 

Goldman, Alfred_ 

Grace, EinviN J_ 

Gravel, .Toefke-Andre, 
Greer, Allen E_ 


——•12(55 Jacinto AVay, Long Beach, Calif. 

-525 Ea.st tiStli St., Xew York 21, X. Y. 

.-lie N. Bedford Drive, Beverly Hills, Calif. 

-121 Fort Green Place, Brooklyn, X. Y. 

-11 Place George Vtii, Quebec. City, Que. 

._1200 Xorth Walker, Oklahoma City, Okla. 


II.VMPTO.N, Foster, .Tr -Suite 101, Interstate Bldg., Chattanooga, Term. 

ir.VRDY, J.VMES D -University of Missi.s.sippi Medical Center, Jack.son, Mi.ss. 

Hausmann, Paul F-2212 West State St., :Mihvaukoe .I, Wi.s. 

Herben, George F -House of Rest at Sprain Ridge, Yonkers, X. Y. 

Heroy, William W-22 Oakwood Road, Huntington, X. Y. 


Herrerr.v-Llerandi, Rodolfo E. 


-Centro Medico, Calle Real de Ciuiiad Vieja !)1, Guatemala, C. A. 

Hertzler, .Lvck H-l.'lTr Wi'st Maple Road, Birmingham, !Mich. 

Hudson, Theodore R.- 55 E. Washington St., Chicago, Til. 

Hun, Henry -l-t!) Washington ,\ve., Albany, X. Y. 

Hurley, G. A. Patrick -I5.'5S Sherbrooke St., W., Montreal, Que. 

Hurivitt, Elliotm' S--12G Carthage Rd., Scarsdale, X. Y. 


Ingram, Ivan X.-.150 Post St., San Francisco 8, Calif. 

loviNE, Vincent _1150 Connecticut Ave., X. W., Washington, D. C. 


Jarvis, Fred_ 

Jense.n, X.vtiian K_ 

Johns, Tiio.m.vs X. P_ 

Johnson, Clive R_ 

Johnston, James IL, Jr. 

Judd, Archibald R_ 

JULIA.V, Or.m.vnd C_ 


-819 Boylston Ave., Seattle 4, Wash. 

_1029 Medical -Vrts Bldg., Minneapolis 2, ilinn. 

-0805 Towana Road, Richmond, Va. 

_1210 Pennsylvania Ave., Fort Worth 4, Te.vas 

-727 Carlisle St., Jackson, Miss. 

-804 X. Fourth St., Hamburg, Pa. 

-25 E. Washington St., Chicago, Ill. 


Kaunitz, Victor H_085 Delaware Ave., Bulfalo, 9, X. Y. 

Keeley, John L_80 Xorth Michigan Ave., Chicago 2, Ill. 

Kelley, Winfield O_Uncas on Thames, Xorwich, Conn. 

Kemler, R. Leon.uu) _570 Farmington Ave., Hartford 5, Conn. 

Kenney, Leo J_Henry Ford Hospital, Detroit 2, Mich. 

Kirschner, P.vul a _3 East 73rd Street, Xew York 21, X. Y. 

Kittle, Frederick C_University of Kansas Medical Center, Kansas City, Kans. 

Kraeft, Xelson H__1501 Magnolia Drive, Tallahassee, Fla. 

Kunderman, Philip J_105 Livingston Ave., Xew Brunswick, X. J. 

Kunstler, Walter E_1588 Sherbrooke St., W., Montreal 25, Quo. 

Laurey, Jame.S R_1318 Girard St., X. W., AVashingtou, D. C. 

Leeds, S.vnford E_2211 Post St., San Francisco 15, Calif. 

Leetcii, Henry W_108 Main St., Saranac Lake, X. Y. 

Leibovitz, Martin _812 Medical Arts Bldg., Tulsa, Okla. 

Lewis, J. Eugene, Jr _1325 South Grand Blvd., St. Louis 4, Mo. 

Lewis, Rubin M_2380 Ellsworth, Berkeley, Calif. 

Longacre, Jacob J_1503 Carew Tower, Cincinnati, Ohio 

Longmire, William P., Jr-- 

_UCLA School of Medicine, Dept, of Surgery, Los Angeles 24, Calif. 

Lucido, .JO.SEPH L_034 Xorth Grand, St. Louis 3, Mo. 

Lyon, Clayton _384 Post St., San Francisco, Calif. 

MacDonald, Xeil _Medical Arts Bldg., AVindsor, Out. 

MacPherSON, Lachlan -St. John Tuberculosis Hospital, East St. John, X. B. 

Mader, Victor O_149 S. Park St, Halifax, Xova Scotia 
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Mydoi'I', Ikmno il-1180 Be'icou St, Brookline, Mass 

Mason, jAius M, HI-30^3 Soutli 20th St, Biimmgham, Ala 

ifLLiciv, Diuaiost \V-1005 Profu«isional Bldg, PJioeiiiN, An? 

Mlndfisohn’, lIviALY J_--------2005 Adtlbort Road, Cleveland, Ohio 

JIi-NDUssoHN, Edwin -..255 South 17th St, Philadelphia 3, Pa 

JlEYMi, Beutkvnd A\-1136 West Si\th St, Los Angeles, Calif 

Michllson, Eiiiott --1801 Eut.iw Plate, Baltimore, Md 

Milleii, Cvunol C-304 Humphrey St, Swampscott, Mass 

Miuer, Felin P-----__109 N. Oregon St, El Paso, Tt\as 

JIiiLS, Waido 0.-144j Medical and Dental Bldg, Seattle 1, Wash 

Mokkow, Andjikw G_ 115 W Montgomery Aie, Rockville, Md 

MoUbFL, Lloyd II___Dept of Anesthesiology, The Swedish Hospital, Seattle, Wash 


NtvriR, Paui, Jr ----University of Pennsylvania, Philadelphia 4, Pa 

Nfwmvn, Mllvin M _681 Clarkson Ave, Brooklyn 3, N Y 

Ni-wvfAN, RoutKT W_Medical Arts Bldg, KnowiIIe, Tenn 

O’Nfiii, Jam>s r___^32 Rosljai Ave, Glensido, Pi 


PviPER, EitvrANUEL M_622 West 168th St, New York 32, N Y 

PETERb, Richard M___Dept, of Surgery, Chapel Hill, N C 

PiliiLiPS, Fiuncis J_Seward Sanatorium, Bartlett. Alaska 

PiN'KHur, RorAND D_Suite 1445, Mtdico Dental Bldg, Scvttle, Wash 

Pollock, Wimivm C, Col, MC, U.SA___1336 Cherry St, Denver 8, Colo 

Potter, Benjvmiv P.___821 Bergen Ave, Jersey City, N J. 

Pratt, LAWJHNCf A..._3919 John B Street, Detroit, Mich 


Quini John J 


.Nova Scotia Sanatorium, Kentville, Nova Scotu 


Ramsay, BtAiTY H_2210 Santi Monica Bhd, Santa Monica, Calif 

Beyd, CiivEtL^ T_550 West Tlionias Road, Phoem\, An/ 

Robbins, & Gwin ___899 Madison Avo, Memphis, Ttiin 

Robinson, Joseph L_1136 West Sixth Street, Los Angeles 17, Calif 

Roe, Benson B_384 Post St, San Francisco 8, Calif 

Ross, Rviliou R_1309 Nueces Street, Austin, Texas 

Ryan, Bernard J_175 East Mam St, Bay Shore, N Y 

By YN, Thojias C—_90 Shenango St, Greenville, Pi 

Saiyer, John M___Pitzsimons Hospital, Denver, Colo 

Sanes, Gn morf M___3500 Fifth Ave, Pittsburgh 13, Pa 

Syrot, Irving A_111 East 09th St, New York 21, N Y 

SchyiiEr, Paul W_c/o Message Ccntci, Walter Reed Army Hospital, Washington, D C 

Sfilek, Havvley' H_443 West Lafayette Street, Tampa, Fla 

Seyuold, Wiliiym D_____Hcim.inn Professional Bldg, Houston, Texas 

Shipman, Sidney _490 Post St, San Franeisco, Caht, 

Simpson, H Murray.— ---292 Queen’s Ave, London, Ont 

Skinner, A M-ITonier Folks Tuberculosis Ilospitil, Oneonta, N Y 

Snyder, Howard E_____103% E Ninth Ave, Wintield, Kui-< 

Snyder, John M_______1236 Motfitt Ave, Bethlehem, Pi 

St.<yrkey, George W B-1180 Beacon St, Brookline, Mass 

Stayman, Joseph _3815 Germantown Ave, Pliiladclphii 18, Pa 

Stenstrom, John D-----2390 Bowker Ave, Victoria, B C 

Strode, Joseph E-1021 Kapiolani, Honolulu 14, T H. 

Sullivan, Herberi J_58 Wellington St, South Hamilton, Ont 

Swenson, Orvar ---300 Longwood Ave, Boston, Mass 

Tvber, RoDifAN E-University Hospitals, Iowa City, Iowa 

Taylor, Frederick H_1012 Kings 
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Templeton, John Y., III. 

Teriull, Frank I_ 

Test, Frederick C., IF—_ 

Thomas, Gordon IV_ 

Tillou, Donald J_ 

Tricekri, Fernando E_ 


V^VLLE, A. R_ 

V^VN Fleit, William E. 
Veal, J. Ross_ 


-1025 Wiilnut St., Philadelphia 7, Pa, 

Aloiitaua State Tul)erculo.si.s Sanatorium, Doer Lodge, ^loiit. 

- 91 (jass Avo., Ilouut Clenien.s, llich. 

-Int. Grenfell Ashoeiatioii, St. Anthony, Newfoundland 

-311 W. Chureh St., Elmira, N. Y. 

-Callao 1921, (3 Piso, Buenos Aire.s, Argentina 

-U.S.P.H.S. Hospital, Detroit, Mich. 

-Emory University Hospital, Emory University, Ga. 

-3500 Appleton St., N. W. Washington, D. C. 


Waddell, \\ ili.iam R-09 Woodland Road, Chestnut Hill, Mass. 

Marker, Georoe R.-5 Beech St., Sudbury, Ontario, Canada 

Walker, .James H-1112 Virginia St., E., Charleston, W. Va. 

M''alkup, H.vrry E-Veterans Adm. Hospital, Oteen, N. C. 

MWt’KiNS, Elton, Jr -300 r..ongwood Ave., Boston 15, Ma.-is. 

MTibu, MWrrs R-Sanatorium, Miss. 

Whiteside, Willi.vm C.-.312 Birks Bldg., Edmonton, Alberta 

M'ilson, John L-Dept, of .Surgery, American University of Beirut, Beirut, Lebanon 

MGlson, Julius --—Henry Phipps Institute, Philadelphia, Pa. 

M'iper, Tho.m.v.s B-530 Mason St., San Francisco, Calif. 

WiT.MER, Rouert H-120 East Chestnut St., Lancaster, Pa. 

M'^OLff, Mhlliam ----502 Park Ave., New York 22, N. Y. 


Senior Members 

Allen, Duff .S._1.8 S. Kingshighway, -St. Louis 8, Mo. 

Amberson, j. B.-Bellevue Hospital, New Vork, N. Y. 

B.vllon, David -1538 Sherbrooke St., N., Montreal 25, Que. 

Barnwell, John B.-Room 800, Veterans Adm., Washington 25, D. 0. 

Bazin, A. T___141-1 Drummond St., Montreal, Que. 

Beck, Claude S_2005 Adelbert Road, Cleveland, Ohio 

Berry, Filvnk B_4301 Massachusetts Ave., Washington 10, D. C. 

Bettman, Ralph B___104 S. Michigan Ave., Chicago, Ill. 

Bird, Cl.vrence _04 Alfred Stone.Rd., Providence 0, R. I. 

Blalock, Alfred _Johns Hopkins Hospital, Baltimore, Md. 

Butler, Ethan Flacq _950 M'^est Water Street, Elmira, N. Y. 

Byers, H. Roddick _Ganonoque, Ont. 

Carlson, Herbert A_4241 East 14th St., Long Beach, Calif. 

Carter, B. Noland _Cincinnati General Hospital, Cincinnati, Ohio 

Churchill, Edward D _Ma.«sachusetts General Hospital, Boston, Mass. 

Clerf, Louis H_5575 Eighth Ave., North, St. Petersburg 2, Fla. 

Cole, Dean B_Professional Bldg., Richmond, Va. 

Curtis, George M._Ohio State Univ. College of Medicine, Columbus, Ohio 


Dieffenbach, Richard H_570 Mt. Prospect Ave., Newark 4, N. J. 

Dolley, Frank S_2010 Wilshire Blvd., Los Angeles 57, Calif. 

Dovell, Chauncey, Col., MC, (Ret.) -62 South Boxwood St., Hampton, Va. 


Eggers, Carl _850 Park Ave., New York, N. Y. 

Elkin, Daniel C_Dlkin Place, Lancaster, Ky. 

Eloessek, Leo _ 190 Post St., San Francisco, Calif. 

Faulkner, William B., Jr -1802 Fillmore St., San Francisco, Calif. 

Ferguson, R. -- 

Flick, John B._The Pennsylvania Hospital, 8th and Spruce Sts., Philadelphia, Pa. 
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Haizhington, Stuart W_Majo Chine, RocIic‘jtcr, Minn 

Hart, Di-R\L__Duke Unucraity, Durliam, N. C 

HAYts, JoHX N._24 Church St, Saranac Lake, N Y 

IIUNBECKER, PETfR_AVasliingtoii Uixncrsity Medical School, St Louis, Mo 

Holman, Emiil _722 Eunston Avc, San Francisco, Calif 

Hudson, 'WiriiAM A____—d02 Dn\id Whitney Bldg, Detroit, Mich 

J\NLS, Robert M___Medical Arts Bldg, Toronto, Out 

Johns, Frank S___Johnston Willis Hospital, Richmond, Va 

Kernan, John D___103 East 7Sth St, New York N Y 

Kino, Donaip S_-_Hitchcock Clinic, Hanover, N H 

Liwvid, Leon T,_1200 Fifth Aic, New York, N Y. 

Lockwood, A. L___300 Bloor St, E, Toronto, Out 

Mfade, Rich\rd H_Blodgett Medical Bldg, Grand Rapids, Mich 

Mili fr, Robfrt T , Jr _Mountain Lake, Lake Wales, Fla 

Moirsch, Hirman _-_725 Tenth Axe, Rochester, Minn 

ifooKF, JuruN A_404 Flatiron Bldg, Asheville, N. C 

MuRDHa, Jamfs D_____Veterans Adm Hospital, Biltiniorc, Md 

M\FRb, J. .Vrthur -,—,730 La Salle Bldg, Minneapolis, Minn 

Neuhop, Harold_—_Bon. 208 Huntington Road, Strafford, Conn 

Newton, Hnri^an F___310 Longwood Avc, Boston, Mass 

Nixon, Jamis W._,___1121 Nix Professional Bldg, San Antonio, Tex 

O’Brien, Edward J_-_207 Da\»d Whitney Bldg, Detroit 20, Mioh 

Ornstlin, Gforoe _905 Fifth Avc, New York, N Y 

Packard, Edward N_142 Park Ave, Saranac Lake, N Y 

PlCKHABDi, Otto C___06 East 70Ui St, New York, N. Y 

Rienhoff, WiLiiAM F, Jr _1201 N Calvert St, Baltimore, Md 

Rigler, Leo G-----City of Hope Medical Center, Duarte, Calif 

Ross, Dudley E---(mail returned), 074 Dunsmuir Road, Mount Ro>al, Que 

Smith, David T---Duke University, Durham, N C 

Thorburn, Grant -1602 West Gonessco St, Flint, Mich 

Tucker, Gabriel.. -250 South 19th St, Philadeliihia, Pa 

Van Alien, Chfstjr M-State Hospital, Bikaner, Rajputana, Indi i 

Wanoeneteen, Owen H-University Ho'^pitals, Minneapolis, Minn 

Vellfs, Edward S_110 Park Ave, Saranac Lake, N Y. 

■\\ iiiTTEMORL, Wnman _____Bo;y(C, Va 


Members Deceased 


SvMUEL J Crowe 
Louis W Frank 
Howard Gray 


Edwin A. Lawrence 
Edward J. McGrath 
Arthur Shipley 






































ANNUAL iMEETINCi NOTES 


The Tliirty-bi.xtli Aiiiiuiil Meeting of The Ainericuu Ahsoeiutiou for Tliomcic Suigery 
^\iis held in Minmi Beaeh, Floiidn, on May 7, 8 iiiul 9, 195(5. Tliere nere 788 i)hysiciuns who 
registeied for tlic bcientifie bObbions. fn addition tlieie were 125 wives prcbcnt. 

Following dibciibsion over a period of two yeaib, tlio Association has now employed 
Miss Ada Ilamey to he the Adminibtrativo Absistant. Her duties ineliidi' the chtublibhinent 
of a permanent address of the Abhociation at (300 South Kingbliighwaj’, St. Louis 10, ilibbouri. 
Such matters as addrcbs changes and otlier pertinent information bhould he sent directly to 
this address. 

The following changob in the By-Laws woe voted at the Executive Seshion: 

Aiticle If, Section 5, delete last sentence eommeneing “Such legistoed guests sliall 
have the privilege of the lloor in discussing papers if time permits.” 

Article VI, Add Section 5, to read as follows: “Tlie Xeciology Committee shall consist 
of one or more Active or Senior ^Memhers, and shall he appointeil in accordance with tlie 
piovisious of Article VI, Section 2 of tlie Constitution. Appointments to this Committee 
shall he for a one-year term of olKce. Any or all members of this Committee may he re¬ 
appointed to buceeed themsolveb. The Council may, if it so desires, appoint one of its own 
members to servo us Cliairman of this Committee. Tlie duties of tlie Ncciology Committee 
shall he to prepare suitable resolutions and memorials upon the deaths of all members of the 
Association and to report such deaths at every annual meeting.” 

Article VII, Section 2, clianged to lead—“Annual dues for Active Membeis shall be 
.$30.00.” 

Article VII, Section 3, changed to read—“Annual dues for Associate Membeis shall bo 
$25.00.” 

A resolution was adojited rec|ucsting the American College of Surgeons to make places 
for tlnec repiesentativos of the American Association for Thoracic Suigeiy on the Board 
of Governors. 


:memiji':uship kotes 

The Council voted to publish again the standards for election to Associate Membeiship 
as lecommended by the Membeiship Committee in 1955. 

A. Tiaining: 

1. Applicants in the United States must have a sound siiigical tiaining as evidenced 
by completion of the Ameiican Boaid of Surgeiy. 

2. Applicants in the United States must fiuther have met the lequiiements of the 
Boaid of Thoiacic Surgery. Canadian applicants must have Fellowsliij) in the 
Eoyal College of Suigeons of Canada; be qualified in thoracic surgeiy or have 
passed the Royal College ex-aminations for certification in thoracic suigciy. 

B. Professional Woik: 

1. High moial and ethical staiidaids are lequiied. 

2. Applicant should he established in practice in his community or in a teaching 
position for at least tince ycats follomng tiaining. His professional vvoik must 
be of the highest quality. 

3. The applicant should have a major interest in thoiacic suigeiy. 
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1. Ills profcfc&ioiial conduct sliould be such that he hw tin support of the niembei^ 
of t]ic AssoiMation liMii^ m tlic < uumunit). 

u. Tho upplitant sliouhl siinu c\ide)i o of future pirtn ip ilioa ni nuctuigs liy luakm, 
cotitnbutions to the nic<lji.il htoi ituie, adv iiicin^ the knowlcdgo of tlioricic di 
(.a-'e, and b> hu]oi‘'Iup in furthiim^ thor.uie surgti) in hn (onunimit} 

0 Certihculum lu thoruMo surgei^ ])\ the Hoard of Tlioriric &>urgtr\ or tf 
Canadian Ro^ tl Colltgi of Surg na t» itstlf dots noi nite/i faljiUment of the u 
quttcmcniji for okction to Associate itcmbership. Tlic otlni qtiihfic moiis mu«t 
bo met. 

C. Allied Specialists: 

1 Members of tlio profession lu illinl spccjaltioj who aic outstanding in their i*' 
spcctuo fields ni ly be elected to iiiciiibciship m the Assoemtiou accoiding to tU 
desirability for such spi enlists is determined b\ the Counril 

P. Foreign Applicants: 

1. Thoracie surgeons residing outside the continca of Canada an 3 tiu I mted States 
and its territories are not eligible for ckctioii to the Association except a‘« Ilonoiary 
Members 

E. Exception: 

1. Notwithstanding tho abo\e qualifications, in «\c< ptional instuices the Cnmcil ma> 
rccominoiid for clc*ct»on n candidate who does not meet all of tlie iboie requiie 
ments 


Honorary JEoiiiborship was conferred upon Mr Philip Alhson, CliM, PRC’S, Nufiield 
Profo-'sor of Surgery, Oxford, England 

llio following changes in membership status were \otcd b> tlie A<5sociatioii dunng its 
annual Executive Session 


The following Active incmbors were elevated to Senior Status: 


Clarence Bird 
Erailc Holman 
William A Hudson 
Robert M Janes 
Riihard H Meade 


Herman Moerseli 
Janies D Murpli^ 
James W Nixon 
Dudlej E Ross 
Edward S. Welles 


The following A'-soeiate membt.rs W' 

Oscar Auerbach 
Theodore Badger 
Henry T. Balinson. 

Ivan D. Baronofskj 
Edward B Benedict 
Harrison Black 
Louis H. Bosher 
Robert I Carlson 
Uax G. Carter 
Sheldon E Domni 
William II Palor 
Egbert H. Fell 
Edward A Gaensler 
Paul Geary 
Orville F. Grimes 


elected to Active mcnibcrslup. 

Lew A Hochberg 
William A Hopkins 
Elgic H. Johnson 
Holhs E Johnson 
Richard King 
Harold A. Kipp 
Robert Klopstock 
Floyd J. Lewis 
Clarence W. Lillehei 
Saul A. Mackler 
Edgar P Maunix 
Gabriel Seley 
Arthur J Vorwnld 
Paul F. Ware 
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Tlie following- canilidatod wore elected to Associate nienibership: 

Eichard 11. Adler, Bulfalo, N. Y. 

John W. Boll, Suninount, N. Y". 

Prancis Cooke, Miami, Pin. 

Philip Crastnojiol, Kew Gardens, N. Y. 

Prederick S. Cros.s, Cleveland, Ohio 
Alfred M. Becker, Jr., Sunmount, X. Y. 

Sanford M'. Preach, HI, San Pruncisco, Calif. 

Prancis S. Gerbasi, Long Beach, Calif. 

Prank Glenn, New York, N. Y. 

.\llen E. Greer, Oklahoma City, Okla. 

Ormand C. Julian, Chicago, 111. 

Prederick C. Kittle, Kan.sas City, Kan. 

Irving M. Madotf, Brookline, ila.ss. 

Eobert W. Newman, Knoxville, Tenii. 

Andrew G. Morrow, Eockville, Md. 

S. Gwiii Eobbins, ISIemphis, Tenn. 

Ealeigh E. Eoss, Austin, Tex. 

.John M. Salyer, Denver, Colo. 

Hawley 11. Seiler, Tampa, Fla. 

George W. B. Starkey, Brookline, Mas.s. 

Frederick H. Taylor, Cliarlotte, N. C. 

William E. Van Pleit, Emory University, Ga. 

George R. Walker, Sudbury, Out., Can. 

Harry E. Walkup, Oteen, N. C. 

John L. Wihson, Beirut, Lebanon 
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